


FEBRUARY + 1959 
LLL EL EBRUARY 5 


Ele ctric al DESIGN ENGINEERING In this issue: 

















@ Report of Magnetic 


Manufacturing Ee 


@ Thermal Protection for 
Appliance Motors 


Using Fourier Analysis 
in Design 





























































































































BELDSOL* 
Magnet Wire 


105C (Class A), solderable Polyurethane 


Engineered Wire for Engineered Products 
Supported by Complete Factory Stocks 


1. Solderable—eliminates costly stripping operations. 

2. High '‘cut-through'’ values reduce shorted turns. 

3. Uniformly soft copper for windability and handling. 

4. Excellent electrical properties for best winding performance. 


5. Resists impregnating varnish solvents—for better end products 


Other Magnet Wires— For Every Requirement 


105C (Class A), solderable Cellulose acetate—CELENAMEL* 

105C (Class A), oleoresinous, P.£E.—BELDENAMEL* 

180C-130C-105C (Classes H, B, and A)—SQUARES & RECTANGULARS 
105C (Class A), Viny! Acetal-Nylon—NYLCLAD* 

130C (Class B), Polyester—BELDTHERM 


*Belden Trademark 
Reg. U.S. Pat. Off. 
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One Wire Source for 
Everything Electrical and Electronic 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 

(in Magnet Wire © Lead Wire © Power Supply Cords, 
Cord Sets and Portable Cord © Aircraft Wires 
Electrical Household Cords © Electronic Wires 


Welding Cable © Automotive Wire and Cable 
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Preloading of the New 
Departure double row 
ball bearing eliminates 
progressive fretting cor- 
rosion problem induced 


by engine vibration. 
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Photo: Courtesy Warner Electric Brake & Clutch 
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Ney Preloaded Double Row Bearings Solve 
Kretting Corrosion Problem In Electric Clutch / 


CUSTOMER PROBLEM: 


Fretting corrosion of automobile air con- 
ditioner electric clutch bearings due to engine 
vibration. Application requires compact bear- 
ing design and positive lubricant sealing. 


SOLUTION: 


N/D Sales Engineer, working with the manu- 
facturer, suggested replacing two single row 
bearings with one internally preloaded New 
Departure Double Row ball bearing with 
shield and Sentri-Seal. The preloaded angular 
contact construction of these New Departures 
offered maximum resistance to combined radial 
and thrust load deflections, plus freedom from 


effects of engine vibration. Problem of fretting 
corrosion was eliminated by producing bearings 
with accurately determined internal com- 
pression. Lubrication of bearing was assured 
for life by New Departure’s exclusive Sentri- 
Seals .. . dirt was sealed out under extremely 
contaminating conditions. In addition, the 
compact size of these double row bearings 
eliminated a tough assembly problem . . . and 
provided savings in both space and costs. 


When you’re faced with a bearing problem, 
why not call on New Departure. Chances are 
there’s a precision N/D high production bear- 
ing that will solve it. For more information, 
write Department L-2. 


Replacement ball bearings available through United Motors System and its Independent Bearing Distributors 


ly 


NEVV 
DIVISION OF GENERAL 


ay 


MOTORS, 


NOTHING ROLL 


BRIS TOL, 


S ./KE A BALL 


CONN. 


Circle 103 on page 17 


PIES 


= 


Co. 





Only the IMC family of WEDGES 
gives you so complete a selec- 
tion of materials, shapes, sizes, 
and designs at so low a cost. 


®@ Choose from stock wedges or wedges engineered to your 
exact specifications. 

®@ Wedge materials for every requirement, including Mylar® 
polyester film, hard maple wood, fibre, canvas, asbestos, 
glass reinforced plastics, and others. 

@ IMC wedges provide maximum properties for any specified 
wedging application. 


Close-up view showing (IMMN@MEO) curve-formed fibre wedge portially 
inserted in a motor stator. Square-formed fibre wedges ore also in the 
IMC wedge family. 


IMC-SILCOBEST square or curved contour mold- 
ed glass cloth wedges are high temperature 
resistant, space-saving, high dielectric. Silicone 
for Class H; polyester or epoxy for Class B. 


—— 
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INMANCO-PHENOLITE® asbestos laminate 
wedges, precision-molded in a variety of solid 
shapes, are tough, resilient, and meet Class B 
temperature requirements 
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INMANCO-HAYSITE® glass rein- 
forced polyester wedges in a variety 
of solid shapes for tough, exacting 
wedging within Class A or B tempera- 
ture ranges. 


INMANCO-MYLAR® square-formed unsupported 
film wedges feoture new and improved qualities 
—permanent, tough, space-saving thin wall, hol- 
low shapes; high dielectric, thermal, and chemi- 
cal resistance. 


INMANCO® tapered wood wedges are uniquely 
made in a wide range of thicknesses, widths, and 
lengths, with any degree of taper. 


Write today to your nearest 
IMC office for (imancd) 
Bulletin 28 describing in de- 
tail the complete line of IMC 
wedges. And, if you wish, 
request free samples. 


INMANCO-MYLAR® 


moisture resistance. 


grecTRicay 


Inmanco products are manufactured exclusively by... 


INMANCO® wood wedges of tough, straight 
grain, hard maple to resist breakage or splin- 
tering for lowest cost wedging. Widest variety of 
precision-molded shapes. 


a 


INMANCO-PHENOLITE® G-7 silicone glass cloth 
wedges machined to solid shapes combine maxi- 
mum mechanical and dielectric properties for 
stable Class H wedging 


lined curve- 
formed fibre and square-formed rag 
paper wedges improve properties of 
fibre and paper for greater mechan- 
ical and dielectric strength, and 


INMANCO-CONOLITE® polyester 
laminate wedges designed for spe- 
cific slot-size wedging.. 
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Starter has EVERYTHING! 





SMALLER! 


Takes less space, whether it's 
built into machine or mounted 
externally 


SMART STYLING! 


Matches the streamlined ap- 
pearance of today’s modern 
machines 


QWIK-MAKE, QWIK-BREAK! 
Positive snap action opening 
and closing of contacts. Longer 
contact life 


TRIP-FREE 

OVERLOAD PROTECTION! 
Impossible for operator to hold 
motor circuit closed against 
overload 


POSITIVE PROTECTION! 


Starter will not operate 


without overload units installed 


LONGER LIFE! 
Toggle Action operating mech- 


anism. Heavy duty construction throughout 








CHOICE OF ENCLOSURES 


EASIER INSTALLATION! 


Wire it without removing starter 
from enclosure. All terminals 
have pressure wire connectors 


EASIER MAINTENANCE! 
“Off-the-Shelf” parts kits make 
normal maintenanceand modifi- 
cations easier than ever.They’re 
easy to buy, easy to identify, 
and faster to install 


TAMPER-PROOF! 

Cover padlocking device pre- 
vents tampering by unauthor- 
ized personnel. Safety latch 
locks ‘‘start’’ button in “OFF” 
position 


VISIBLE INDICATION 
OF OVERLOAD! 


Self-centering pushbuttons 
show when overload has oc- 
curred 


Fractional-horse- 
power manual start- 
ers are available 
in a full line of en- 
closures including 
General Purpose, 
Flush Mounting, 
Water and Dust 
Tight, and Explo- 


NEMA 12 
Industrial Use 
Dust-tight 
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Components, Electrical Electronic 
Magnetic Components 

Compt ers, Comouter Design 

Materials, Electrical /Electronic 
Magnetic Materials 


Your Classification 


* New Developments in Magnetic 
Materials and Applications 


Ihe design significance of research progress reported at 
the 1958 AIEE Conference on Magnetism and Magnetic 
Materials for: computer elements, microwave components, 
permanent magnets, soft magnetic alloys, and new magnet 


devices 


William Arrott, Electrical Manufacturing. New York. N. ¥ 


Electrical Manufacturing 


1959 February p 56 12 pp 


Basic Science and Engineering 


Your Classification 
Mathematics 


* A Graphical Analog Computer 


A description, with illustrations, of the use of standard. uni 
versal nomographs in solving complicated computational 
problems. The nomograph scales may be prepared in advance 
on reproducible paper. 


A. S. Lermer, Convair, San Diego. Calif 


Electrical Manufacturing 
Design Considerations 


Nuclear Radiation Effects 
Components, Electrical /Electronic 


Your Classification: 


Radiation Effects Data Sheets on Tubes, 
Resistors, Capacitors, Semiconductors 


Tabulated results of a U. S. Air Force investigation of the 
effect of nuclear radiation on electron tubes, resistors, capaci 
tors, germanium and silicon diodes and germanium and 
silicon transistors. 


Staff Report 


Electrical Manufacturing 


Components, Electrical / Electronic Your Classification: 


Switches 
Control 
Systems and Servos 


The Proximity Limit Switch 


A description of the design and application of the proximity 
limit switch, a sensing device which detects the presence of 
an object without making mechanical contact. This reliable, 
accurate input component is finding increasing use in new, 
fast-operating industrial control systems. 


C. F. Meyer, Square D Company, Milwaukee, Wisc. 


1959 February p 68 5 pp 
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Basic Science and Engineering Your Classification: 


Mathematics 


* Using Fourier Analysis in Designing 


@ Whole Systems 
@ Subsystems ; : 
@ Electrical and Mechanical Devices 


One of the basic tools in design engineering, Fourier analysis 
offers aid in many problem areas-—often where not expected. 
This article, in addition to providing a complete theoretical 
background, points out the many areas where Fourier analysis 
can be profitably applied in the design of servomechanisms 
and control systems and in the “black-box” units and in- 
lividual components for such systems 


Ira Ritow, Airborne Instruments Laboratories, Mineola, N.Y 


1959 February p 87 16 pp 
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Control Your Classification: 
Systems and Servos 


Simplifying Servo-System Analysis 


The transfer function of a small, closed loop system with rate 
feedback is reduced to that of a single equivalent motor, thus 
simplifying the analysis of the larger, multi-loop system of 
which it is a part. A complete step-by-step description of 
the procedure and its application is given 


G. Gorten, Daystrom Pacific, Los Angeles, Calif., and H. A. 
Irwin, Thompson Ramo Wooldridge, Inc., Los Angeles, Calif. 


Electrical Manufacturing 1959 February p 118 4 pp 
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@ Quick interpretations of feature article content 


@ Subject-classified annotated references for clipping and pasting on standard 3 x 5 file cards 


%& Reprints available—see pages 164 and 174 
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Production and Assembly Techniques Your Classification: 


Printed Wiring 
Applique Wiring 


Description of a new “printed” wiring process which uses a 
circuit pattern stamped or “dinked” from metal foil and 
then applied to the surface of an insulator base material. 
Performance advantages derive from absence of contaminants 
since etchants are not required and higher insulation resistance 
is achieved because no adhesive exists on the insulator surface 
between conductors. 


J. D. Lewis. Western Electric Co., Winston-Salem, N. ¢ 
r. D. Schlabach, Bell Telephone Laboratories, Inc., 
Hill, N. J. 


. and 


Murray 
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Testing Your Classification: 


Components 
Instruments and Test Equipment 
Design 


Meter Indicates Diode Recovery Time 


A meter technique for diode reverse recovery time measure 
ment eliminates the need for an oscilloscope. The system 
can be used for other transient response measurements. The 
article describes the overall measuring system, including pulse 
generator, recovery circuits, wide-band amplifier, cathode 
follower, voltage comparator circuits and metering circuits 
Three typical voltage comparator circuits analyzed _ in 
detail 


are 


R. Fekete, Product Development Lab., International Busines- 


Machines Corp., Poughkeepsie, N. 


1959 February p 103 5 pp 
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Components, Mechanical, Structural Your Classification 


Gears and Pinions 


Instrument Gearhead 
Application Factors 


\ review of the various important elements to be considered 
in specifying instrument gearheads: dimensional tolerances 
and their meanings, materials, overall performance, and various 


forms of accessories such as limit stops and slip clutches 


F. W. Wood, Jr., Vitro Laboratories, Silver Spring, Md 


1959 February p 122 5 pp 
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Control Your Classification: 


Case History 


The Team Approach in Applying 
Numerical Control to a Machine Tool 


The adaptation of numerical programmed controls to machine 
tools has created the need for a team approach in integrating 
packaged electrical “directors” into the conventional magnetic 
control system normally designed by the machine builder. To 
pinpoint this trend and delineate the decision areas, a case 
history is presented involving the adaptation of General 
Electric Numerical Positioning Controls to a multiple-spindle 
Barnes Drill Co. 


boring machine designed by 


Staff Report 


1959 February p 76 6 pp 
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Components, Electrical / Electronic Your Classification: 


Protective Devices 
Design Considerations 

Thermal Design Factors 
Motors 

Fractional Horsepower 


New Hotter Motors Demand 
Thermal Protection 


New, higher temperature limits permitted by revised Under- 
writers’ requirements impose an even greater need _ for 
appliance-motor thermal protection. Higher temperature effects 
on insulation life expectancy also make temperature measure- 
ment methods a more critical question. Both aspects of the 
new regulations are discussed in detail. 


V & 


Spencer 


Vaughan and A. P. White, Metals & Controls Corp., 
Thermostat Div., Attleboro, Mass 


1959 February p 108 4 pp 
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COMING UP . 


will bring the third article in ELeerricat 


The Mar n 
MANUFACTURING’s new Basic Science and Engineering series 
The Fundamentals of Ferromagnetism. Also a 
follow-up on a July article from the U. S. Army Signal Re 
Developments 


issue 
subject: 


search & Development Laboratory on further 
in Micro-Module Components. Other articles are scheduled on 
Magnet Solenoid Design, Nuclear Radiation Effects on 
Magnetic and Semiconductor Materials, Numerical Control 
System for Fischer Lathe, Aging Characteristics of Motor- 
ettes, Dependability of Military Equipment, High Energy 
Magnetic Alloy for Hysteresis Motor, and Temperature- 
Power Derating Requirements for Carbon-Composition Re- 


sistors. 


Subject Classification, circle Number 738 on page 17. 





Metallurgical Memo from General Electric 


How a tiny thermistor 
takes temperatures in outer space 


Magnetic Materials Section reports on thermistors.. . 

and on new production facilities that permit 

them to be tailor made for any application 
One critical piece of information relayed from space trip time delay devices, and regulate voltages. 
by Explorer I was its external skin temperature as Now, G-E, through new production facilities, can 
it orbited. This exacting job was assigned to a G-E tailor-make thermistors to your specifications with 
high temperature thermistor RF-111. resistance values from 1 to 10.000.000 ohms and 
Thermistors are thermal-sensitive semi-conductors temperature coefficients of resistance from —1% to 
with large negative coefficients of resistance. In —5% at 25°C. For more information—or the assist- 
electrical circuits G-E thermistors measure and con- ance of a G-E engineer—write: Magnetic Materials 
trol temperatures, suppress initial current surges, Section, 7804 N. Neff Avenue, Edmore, Michigan. 


MAGNETIC MATERIALS SECTION 


GENERAL @@) ELECTRIC 


CARBOLOY® CEMENTED CARBIDES ¢ MAN-MADE DIAMONDS ¢ MAGNETIC MATERIALS ¢ THERMISTORS e THYRITE® # VACUUM-MELTED ALLOYS 
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Glass-Ceramic Tube Envelope 
for Ultrahigh Temperature 
Target of a Westinghouse electronic 
tube division research contract is a line 
of receiving tubes able to operate in 
an ambient as high as 932 F (500 C). 
The program centers on the ability of 
Corning’s Pyroceram (a_ crystalline 
glass-ceramic) to be used effectively 
as the tube envelope under the stated 
elevated temperatures. Also evaluated 
will be various associated factors, such 
as methods and materials for tube 
assembly and for the electrical con- 
nections. Sponsor of the contract is the 
U.S. Army Signal Corps. 


Nuclear Radiation Effects 
on Silicone Rubber Wire 


As part of a continuing study of the 
effects of nuclear radiation on silicone 
materials (see “Research Progress in 
Dielectrics — 1957.” ExLecrricaL Man- 
UFACTURING, December 1957, p 94). the 
Dow Corning Corporation has devel- 
oped physical and dielectric data for 
silicone rubber wire and cable insula- 
tion. As reported by C. G. Currin. D-C 
Product Engineering Laboratory, at the 
Seventh Annual Wire and Cable Sym- 
posium, Asbury Park, N. J.. December 
2-4. 1958, the program covered the 
following phases of evaluation: 
a. basic mechanism of radiation dam 
age 
effects on physical properties 
permanent effects on dielectric 
properties 
transient effects on dielectric prop 
erties 
combined effects of high tempera 
ture and radiation. 
Conclusions given were as follows: 
1. Dielectric 
rubber insulation are not permanently 


properties of silicone 
affected to a significant degree by gam- 
ma irradiation. 

2. Dielectric losses during irradiation 
are no higher than before or after the 
exposure. 


3. Physical properties of silicone rub 
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ber wire and cable insulation are af- 
fected by irradiation. The affected 
properties are primarily hardness, elon- 
gation and tensile strength. 

1. Irradiation at 200 C has the same 
general effects as irradiation at 25 C 
except that the rate of damage is accel- 
erated 4 to 10 times. 

5. Differences in radiation resistance 
stocks are 
greater when irradiated at 200 C than 
at. 25 €. 


6. Since wire and cable insulation 


between silicone rubber 


must perform both electrically and 





Growing Synthetic Quartz Crystals: | n- 
settled market conditions and increasing 
difficulty in obtaining large crystals of 
natural quartz suitable for communication 
devices have spurred synthetic quartz 
research at Bell Telephone Laboratories. 
Now in pilot plant production at Western 
Merrimack Valley Works, 


Andover, Mass. are synthetic 


Electric's 
North 
quartz crystals grown at a rate in excess 
of 60 thousandths of an inch per day. 
Synthetic quartz is believed to offer a 
number of advantages compared to the 
natural crystals, including freedom from 
foreign inclusions and absence of either 
optical or electrical twinning. 


physically, the effects of radiation on 
physical properties limit the life. At 25 
C. the expected life is between 50 and 
200 megarads; at 200 C, between 5 and 
10 megarads, depending upon the in- 
sulation construction, the requirements 
of the application, and the silicone rub- 
ber used. For many nuclear applica- 
tions, this life may be a number of 
years, depending on the radiation in- 
tensity involved. 

7. For those applications where a life 
greater than 5 megarads is necessary. 
all of the generalized information nec- 
essary to predict insulation perform- 
ance is not yet available. To determine 
the expected performance accurately, 
specific irradiation tests must be made 
on the insulation being considered. 


Superfine 
Lubricant 


\ molybdenum disulfide powder with 
an average particle size of 0.25 to 0.5 
micron has been produced in England 
for special-purpose lubrication applica- 
tions in electronic equipment and _in- 
struments where bearings and other 
parts are subjected to high pressures 
and wide temperature variations. A 
quasi air-flotation method has been em- 
ployed to produce this material. 

\ considerable consistency in- par- 
ticle-size distribution has been demen- 
strated) in’ trial) production batches 
Changes in pH values are said not to 
be discernible as compared to standard 
materials. Only experimental quantities 
are available at present. The material 
has been developed by K. S. Paul 
(Molybdenum — Disulphide) 


| ondon. 


Limited 


Conductive Extruded 
PVC Plastics 


Conductive polyvinvlchloride materials. 
developed by Phalo Plastics Corpora- 
tion. Shrewsbury. Mass.. are being ex- 
perimentally applied as cable shielding 
in place of metallic shields. The con- 
ductive PVC 


(Conduxit) is said to pro- 
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vide the following advantages in com- 
parison with metallic shields: effective 
100 per cent shielding, lighter weight. 
greater flexibility, reduced mechanical 
noise, and no risk of shorts frequently 
caused by broken shield wires. The ma- 
terial is noncorrosive, exhibits high re- 
sistance to chemicals, and is easily ex- 
truded in conventional equipment. 
Conductive PVC also offers potential 


ow Research Note 


advantages as a conductor material in 
ignition wire, and in high voltage cable 
a layer could be extruded between the 
conductor and the polyethylene dielec- 
tric to help diminish corona effects. 


Automatic Bibliographer— 
. 

Russian Style 

Translation of foreign-language tech- 
nical and scientific literature has been 
a major Government-supported program 
in Russia for many years. In fact, this 
program operates on what may be 
described as a mass production basis. 
Inherent in the program is a good deal 


of activity pointed to the design of auto- 
matic literature search and _ retrieval 
machines. A _ so-called “machine bib- 
liographer” recently described in the 
Russian literature is said to have a 
memory capacity of a billion cells, and 
exhibits a reading rate equivalent to 
about a million printed pages of infor- 
mation per hour. 

e Basically, the machine consists of 
a high-speed memory, a reading device 
for scanning and processing the infor- 
mation, and various input devices. A 
compact memory-storage unit and high 
operating speed are the two outstanding 
features. The information to be proc- 


Ceramic-Phenolic Materials with Metal-Matching Coefficients of Linear Expansion 


OwINnc TO THE locked-in stresses resulting 
from the differential coefficients of thermal 
expansion for dissimilar materials, a criti- 
cal design problem may arise when a 
plastics material is molded or polymerized 
around metal inserts. Since unfilled plastics 
generally have coefficients several times 
those of the metals normally used in con 
junction with them, the problem may be 
overcome by the use of suitable fillers. 


by weight 
Ceramic-phenolic concentration 
strength and _ proportional 


Fig. 1 
vs tensile 
strength. 


4 Te aa mene 
20 30 40 50 60 70 80 90 
cent Stupalith A-2412 concentration 
(by weight 
Fig. 2— Ceramic-phenolic concentration 
vs impact strength (notched). 
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Per cent Stupalith A-2412 (by weight 
Fig. 3—Theoretical and measured ther- 
mal coefficients of ceramic-phenolic 


A-2412 moldings (weight basis). 
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e@ Research indicated that it was possible 
to combine two materials of dissimilar 
coefficients of linear thermal expansion 
and arrive at an intermediate value which 
depended on the concentrations employed. 
\ program was therefore initiated at U.S. 
Naval Ordnance Laboratory, White Oak, 
Maryland, for combining a_ moldable 
phenolic powder, Durez No. 14696, and a 
ceramic powder, Stupalith No. 2412, whose 
thermal expansion coefficients, 43 « 10% 
in./in./deg C and —1.5 & 10° in./in./deg 
C, respectively, were the lowest available 
for comparable classes of materials. Data 
on strength characteristics, water absorp- 
tion, dimensional changes after water im- 
mersion and coefficients of linear expansion 
for the various filler concentrations were 
obtained. 

e Examination of data on tensile proper- 
ties (Fig. 1) indicates that there was an 
increase in proportional and_ ultimate 
strength up to 40 per cent filler content. 
Above this point, the tensile strength fell 
off rapidly. Impact strength attained a 
peak of 0.44 ft-lb/in. (notched) at 30-40 
per cent filler concentration, after which 
there was a gradual decrease to 0.30 ft-lb 
in. at 83 per cent filler conncentration 
(Fig. 2). 
tion was noted at filler concentrations 
below 50 per cent comparable with values 
for conventional filled phenolic molding 
materials. At 75 per cent filler concentra- 
tion and above, practically all of the 
absorption occurred within the first 24 hr 
of immersion, indicating an exceedingly 
porous or resin-starved structure. In regard 
to dimensional stability, the greatest 
changes occurred in the length measure 
ments, 


{ small amount of water absorp- 


increase of 
().004 in. at 80 per cent filler concentration 
was noted after 72 hr of immersion, rep- 
resenting a 0.2 per cent increase. Changes 
in width and thickness were not greater 
than 0.001 in. for most concentrations. 

e The coefficient of linear thermal ex- 
showed 


where a maximum 


pansion consistently decreasing 
values at filler contents ranging from 0 to 
83 per cent (Fig. 3). At the latter con- 
centration, the coefficient of expansion is 
7.1 & 10° or one-sixth of the original 
value of the unfilled phenolic. 

e It is evident from these data that ma- 
terial such as Stupalith 2412 can effect 
an important decrease in the coefficient of 


linear thermal expansion when used as a 
filler in conjunction with a phenolic resin, 
and that blends containing up to 83 per 
cent filler can be compression molded. The 
overall physical properties of such blends, 
however, begin to deteriorate rapidly above 
4) per cent filler concentration. If we as- 
sume that optimum physical properties oc- 
cur in the region of 40 per cent, then from 
the curve, Fig. 3, the coefficient of linear 
thermal expansion is in the order of 29 
10° in./in./deg C. Although this is a 
minimum value for optimum physical 
properties, phenolic-Stupalith blends up 
through 60 per cent concentration can 
be made to match the coefficients of 
aluminum (26 & 10° in./in./deg C). 
brass (18 & 10° in./in./deg C). and 
copper (17.7 & 10° in./in./deg C). 
e From Fig. 3, it can also be seen that 
the theoretical and measured coefficients 
of thermal expansion display similar values 
up to 30-35 per cent filler concentration, 
at which point a crossover occurs and ob 
served measurements become less _ than 
theoretical. This variation can be explained 
by the small interstitial spaces between 
particles (porosity) which occur when the 
filler exceeds a certain concentration. In 
such a situation, true volume expansion 
for particles of either resin or ceramic 
is not completely realized. It is probable 
that some fraction of the expansion occurs 
into air space instead of against an im- 
mediately adjacent particle. The overall 
effect is a reduction in measureable ex- 
pansion. 
e However, it is recognized that these 
phenolic mixtures have certain potential 
deficiencies which can probably be cor- 
rected through the use of a resin such 
as diallyl phthalate. This resin possesses 
better dimensional stability, lower moisture 
absorption and less corrosive properties 
than phenolics. In addition, it can be 
used as a liquid polymer to insure good 
wetting of the ceramic particles which 
can lead to better moldability and improve 
physical properties at higher 
concentrations than is realized with the 
phenolics. 


ceramic 


{cknowledgment: This report is based 
on a U. S. Naval Ordnance Laboratory 
report by A. Fisher and Irving Silver 


(NAVORD Report 4133). 
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Research Note 


some type of fluid for th 
power (brakes, clutches, 


transmission of 


valves, etc.) 


there is always a search for fluids that, 


among other things, offer good viscosity 
characteristics without absorbing too much 
power, have good dielectric strength, and 
will not deteriorate when hot. In 1939, 
Willis Winslow, of Wheat Ridge, Colorado, 
performing a series of experiments on 
various fluids, discovered what is now 
known as the “Winslow Effect.” The basis 
of the effect is two-fold: (1) certain fluid 
compounds change viscosity when a voltage 
is applied across them; and (2) when 
certain fluids are placed between two con- 
ducting surfaces having a potential differ- 
ence of several hundred volts, a force 
couple in the order of several pounds for 
each square inch of surface is developed. 
e The Warner Electric Brake and Clutch 
Co., Beloit, Wis., has acquired the rights 
to the patents covering the Winslow dis- 
covery and is now engaged in the devel- 
opment of fluids involving the effect. Such 
termed “electro 
fluids.” The effect on the liquids is elec- 
trostatie in nature and may be achieved 
using either a-c or d-c voltages to create 
the field. One of its significant character 
istics is that power consumption is very 
low, being on the order of milliwatts per 
square inch of surface. Response time is 
very rapid and has been measured at less 
than 80 microsec. It is believed that an 
even faster response time is achieved, but 
the equipment necessary to make further 
tests in this area has not been developed. 
e@ Electro fluid compounds consist of a 
fluid which serves as a vehicle for inert 
micron-sized particles. Theoretically, the 
particles become di-polar when placed in 
suspension in the fluid vehicle. Being free 
to move about, these particles chain to 


compounds have been 


gether when a voltage is applied. The de- 
vree to which the chaining alters viscosity 
and the magnitude of the force couple 
created depend on: 

Le composition of the electro fluid 

2. area of the surfaces 

’. nature of the surfaces 

1. distance between surfaces 

5. amount of voltage applied. 
e Figures 1 and 2 show the effect and 
magnitude of the viscosity change in a 
sample electro fluid. Figure 1 shows two 
electrical probes, spaced “4 in. apart, with 
10,000 volts a-c across them after being 
dipped in the fluid. The same setup at 0 
volts is shown in Fig. 2. 
@ Electrical properties ot a typical electro 
fluid include a dielectric strength of 600 


essed is recorded in the form of capa- 
citances on metallized printed sheets 
that are subsequently compressed into 
blocks. 


machine first codes it, then develops an 


When an inquiry is entered the 


information search program. The 
“reading” device follows the program, 
selects and processes the required ma- 
terial. When selection and processing 


of the material has been completed, the 
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Electro Fluids 


IN THE DESIGN of devices which utilize 


Fig. 1—Two electrodes with 10,000 volts 
across them after dipping in an electro 


fluid. 


Potent ) n plates (a-c 
Fig. 3—Static shear force for various film 
thicknesses vs a-ec voltage. 





entia plates (a-c volts 


Dynamic shear force for various 
film thicknesses vs a-c voltage. 


Fig. 5 


volts d-c per mil, a resistivity of 865,000 
ohms per cu cm, and a dielectric constant 
of 4.63 at 5 me. Figures § through 6 
show static and dynamic shear character 
istics for various film thicknesses of a typi 
cal electro fluid between flat metal sur 
faces to which the potential, either a- 
or d-c, is applied. 

e@ The unique properties of electro fluids 
offer a new approach to the solution of 
many problems in the design of electro 
mechanical devices such as shock absorb- 


ers, electrostatic (nonmagnetic) chucks. 


result appears on an output printing 
mechanism. 

e The machine is described in detail 
in “A Machine-Bibliographer.” by K. 
Nauka i Zhizn, No. 5, May 
1958, p 68, and in “Information Logi 
Machines of the Future.” by B. Strel- 
kov, Trud, September, 1958. It has alse 
been briefly described in British Com- 
munication and Electronics, Nov. 1958. 


Drugoy, 


for Power Transmission 


a : 
Fig. 2—Same as Fig. 1, but with 0 volts 
on probes. 


Thickness of fluid 
0.002 0003 





4 600 800 100¢ 


n plates (d-c volts) 


Fig. 4—Statie shear force for various film 
thicknesses vs d-c voltage. 


Thickness of fluid 


Fig. 6—Dynamie shear force for various 
film thicknesses vs d-c voltage. 


ind sound transducers. As yet no fluids 
have been developed for a specific use 
although models illustrating various appli 
cations have been built and tested. Real 
izing that individual problems may require 
fluids of various viscosity and strengths, 
Warner is offering samples to interested 
research and development groups. In this 
way, the fluids will be exposed to the 
widest possible range of applications and 
the specific properties best suited to eac! 


f 


( 
| 


class of operating conditions can be « 


fined J.R.R 


Capsule Notes on 
Research Reports— 


The 1958 annual report of the New 
York University College of Engineering 
Research Division describes both uni 
sponsored 


versity and projects in 


metals, chemicals and chemical pro 
cesses, computing, solar energy, elec 


tronics, human factors engineering. and 


1] 





Research 
Horizons 





. In- 
dicative of the broad base of ultimate 
application of many research projects 
is a listing of the sponsors of the Uni- 
versity’s work in mathematics and com- 
puting: Army Chemical Warfare Lab- 
oratory, MIT Lincoln Laboratory, Air 
Force Cambridge Research 
Arabian American Oil Company, Signal 
Corps Engineering Laboratory, General 
Electric Company. and the National In- 
stitute of Health. 


several other areas of research 


Center. 


Research Note 


Lists and abstracts of foreign scien- 
tific and literature are 
available in the form of a Government- 
sponsored semi-monthly periodical. 
Technical Translations is published by 
the Office of Technical Services of the 
U. S. Department of Commerce in co- 
operation with the Special Libraries 
Association. material will be 
obtained from various U. S. Goverment 


technical now 


Source 
sources, cooperating foreign govern- 
ments, educational institutions, private 
organizations and the SLA. First issue 
appeared in January. Subscriptions: 
annual, $12.00; single copies. 60¢ each. 
Orders should be addressed directly to 
OTS. U. S. Department of Commerce, 
Washington 25, D. C. 


Design Millennium 


After wading through our desk’s several 
layers of material on the space age and 
the cosmic age we’ve caught up with 
one really vital bit of information: 
Breathlessly. a press release informs us 
that at the inauguration of the IBM 705 
data processing system at the Banco di 
Roma (in Rome, naturally) the system 
went smartly through its paces before a 
“distinguished group of guests” by 
transcribing the entire text of Gone 
with the Wind (600 pages or so) in less 
than three minutes! 

That’s just dandy for GCWTW, but 
how does good old IBM 705 handle the 
little woman’s checkbook 
in lire? —A.E.}. 


unbalanced 


industry Utilization of Government R & D 


ENGINEERING IS THE ART of utilizing avail- 
able materials useful 
The performance of all engineering struc- 
tures is in large part determined and lim- 
ited by the properties of the constituent 
materials. Since national survival is obvi- 
ously dependent upon availability of the 
best in weapon performance the current 
state of the engineering art permits, the 
ultimate properties of materials are re- 
quired in the design of weapons. 

e@ The materials of which military equip- 
ment is constructed operate at the 
limits of endurance in strength, tempera- 
ture resistance, radiation tolerance, and 
other performance characteristics. This 
leads to constant pressure from designers 
of military equipment for improvements in 
the properties of materials. 


to design devices. 


must 


e@ The consequences of military insistence 
on extreme reliability of service equipment 
may not be fully appreciated (for exam- 
ple, close tolerance, select materials, multi- 
ple inspections, high These re 
quirements, coupled with the extremes of 
natural induced environments, 
that military designs tend to be “jewel- 
box” in nature 


costs). 


and mean 


e@ Despite these significant differences be- 
military designs, 
military research and engineering projects 
have led to many commercial products. 
Since military research, however, occupies 
such a high proportion of the time and 
scientists 
is still 
commercial! 


tween and commercial 


energies of our and engineers, 


we believe there room for a great 


increase in 


basic 


exploitation of 


scientific principles, devices, and 


techniques produced under military re 
search contracts 

e Typical examples of military-sponsored 
research with economic potential, and 
which seem to be lagging are: rare earths, 
coatings, organometallics, alumi 
num synthetic quartz, titanium 


manganese austenitic steel, glass-reinforced 


ceramic 
irons, 
aluminum, plasma are systems and many 
more. 

e Since military R & D efforts are planned 
in terms of dollars, successful research is 
too often stopped at the conclusion of the 
laboratory stage for lack of dollars to carry 
through the more costly succeeding stages. 
Or the results of laboratory research may 


12 


simply be filed by the Services responsible 
for supporting the work and its broader 
applicability may not be recognized by, or 
available to, those who might make use of 
it. Another boundary to the widespread use 
of military-sponsored technology concerns 
exclusive or to-one-purpose development of 
a material or process by a contractor in 
support of a single-end item for whose de- 
velopment he is responsible. Sometimes the 
barrier is proprietary and sometimes 
merely a matter of indifferent dissemina- 
tion. Finally, there is the problem of secur- 
ity classification. This is particularly difh- 
cult research results are related to 
a piece of classified military hardware. 


when 


@ Some remedies are therefore needed to 
make the material and research 
efforts of the Government more productive. 
Two important approaches are indicated. 
One is through wide dissemination of the 
results among engineers and scientists. The 
other is through providing means of scaling 
up promising materials and processes to a 
semi-commercial scale so that engineering 
applications become feasible. 

@ The Defense Department has sensed the 
need for improved effort in both directions. 
For several years the Armed Services 
Technical Information Agency (ASTIA) 
has made copies of research reports avail- 
able to defense contractors. The Office of 
Technical Services (OTS) of the Depart- 
ment of Commerce makes unclassified Gov- 
ernment research reports of general inter 
est available for purchase by the interested 
public. 


process 


e@ But engineers have not found these in 
formation services adequate to fulfill their 
needs. The mass of technical literature is 
so great that even the scientific specialist 
has difficulty in acquiring and absorbing 
the pertinent literature. The practicing de 
sign engineer, whose interests in materials 
and processes are universal, would be con- 
fronted with a mountain of 
were he to obtain all of the reports of in 
terest to him professionally. 

e The other drawback to dependence 
solely upon ASTIA and the OTS is the 
length of time it takes after a 
written before it becomes available through 
established channels. 
eA deal of 


documents 


report is 


great study is currently in 


progress on means of communicating re- 
search results in capsule form to engineers 
and scientists in industry. There are a few 
specialized areas of defense materials re- 
search where the need for special means of 
disseminating information is unusually 
urgent. Titanium was the first such area to 
appear, and the need was in large part 
satisfied by establishing the Titanium 
Metallurgical Laboratory (TML) at Bat- 
telle Memorial Institute. 

e The processes for evaluating, synthesiz- 
ing, summarizing and disseminating infor- 
mation originally developed for titanium 
are now being extended to certain other 
material of special use in rockets 
missiles, including high strength 
beryllium and the refractory metals. 
e@ The other areas mentioned above where 
further effort is needed is in scaling up re- 
search results to pilot plant and semi- 
commercial scale of operation. Greater at- 
tention is being paid to this area by the 
Defense Department. Several programs ad- 
ministered by the Air Material Command 
of the Air Force, for example, are designed 
to help fill this gap. 


and 


steels, 


e In view of the very numerous commer- 
cial by-products accruing from the com- 
paratively modest military research pro- 
grams of past years, it is reasonable to ex- 
pect an 
opportunities—a 


number of commercial 
new technological 
frontier of unmeasured opportunity to arise 
out of our much larger present-day outlays 
for research and development of weapons. 
ca To yield ot 
these developments is not, of course, the 
main function of the Department of De 
fense. But effort at 
is militarily justifiable, if only to assure 
adequate production capability and_ tech- 
familiarity with 
needed to 
vanced weapon systems, 
JOHN H. GARRETI 
Chief, Materials Division 
and 
FRANKLIN P. HUDDLE 
Conservation Specialist 
OFFICE OF THE ASSISTANT 
SECRETARY OF DEFENSE 
(Research and Engineering) 
Washington, D. C, 


enormous 


Ww hole 


maximize the commercial 


accommodation 


some 


materials 
manufacture ad- 


nological new 


and processes 
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MINIMUM O.D.! NARROW WIDTH! MAXIMUM BORE SIZE! 


Hoover announces 3L00 extra light bearings 


Now, America’s quality bearings come in com- 
pact proportions designed to save space! Hoover’s 
new 3L00 series extra light ball bearings provide 
the solution to bearing problems calling for maxi- 
mum bore size and minimum housing area. They 
have outer diameter and width dimensions that 
are substantially smaller than those of standard 
light, medium or heavy series bearings of equal 
bore size. 

Hoover 3L00 extra light ball bearings are 
available in a wide range of popular sizes in open, 
shielded and sealed types, including lubricated- 
for-life bearings with Hoover-developed contact 
seals of TEFLON. For complete information, return 
the coupon below. 


[O@Ouxer” 


BALL AND BEARING COMPANY 
5400 South State Road, Ann Arbor, Michigan 
Los Angeles Sales Office and Warehouse: 
2020 South Figueroa, Los Angeles 7, California 


Hoover quality is outstanding! 

Micro-Velvet balls are made of 
selected high-carbon chrome alloysteel, 
uniformly hardened, and finished so 
perfectly that roundness and diameter 
are accurate within millionths of aninch. 

Hoover Honed raceways, on both 
inner and outer rings, are super-smooth, 
superbly finished. Precision matching 
of ball complements and raceways 
assures hushed quietness, long life, 
superior Hoover performance. 
M icro- Velvet and Hoover Honed are Hoover trademarks, 


TEFLON isa DuPont trademark for its fluorocarbon resins, 


Hoover Ball and Bearing Company 
5400 South State Road, Ann Arbor, Michigan 


Please send new Bulletin 108, which describes Hoover 
3100 extra light bearings. 


Nome__ 





Title___ — 
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Now... telephone quality” 


PRINTED 
CIRCUIT BOARDS 


from Stromberg-Carison 


Expanded facilities now make it pos 
sible for you to get the same high quali- 
ty printed circuit boards we produce 
for our own telecommunication and 
electronic applications. 

We print and etch one or two sides: 
we provide eyelets or terminals and 
can provide gold plating where desired 

All boards will be manufactured with 

the same rigid process control de 
manded by our electronic switchboard, 
automatic toll ticketing, carrier and 
other precision equipment. In addition, 
you get these chief advantages: 
1. Quality: assured by rigid control over 
incoming materials as well as process. 
2. Low Cost: low tooling cost on quality 
short-run precision work means lower 
cost to you. 


3. Volume: screen printing makes vol- 
ume production economical. Delivery 
to meet your scheduling. 


4. Excellent Solderability is assured 
without the need for costly solder plat 
ing. 

Tell us about your particular job re 
quirements. We will furnish price and 
delivery information immediately 


STROMBERG-CARLSON 


VISION OF GENERAL DYNAMICS CORPORATION 


Sc 


= 


Telecommunication Industrial Sales 
117 Carlson Road, Rochester 3, N. Y. 
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Pius or Minus 


Random Comments of the Editors and Readers 


Simplicity and Reliability 
DR. VICTOR WOUK 
lice Pre sident. Re search 


SORENSEN & Company, IN¢ 


New York, N., Y. 


Development 


It was with great interest that | read 
the article in ELECTRICAL 
MANUFACTURING entitled “Static-Mag 
netic Regulated D-C Power Supplies” 
bv H. V. Hjermstad and John T. Keefe 


The article is a very thorough one dis- 


December 


cussing the extremely important ad 
vance in the field of d-c power supplies. 
but as Past Chairman of the IRE Pro- 
fessional Group on Reliability and 
Quality Control (PGRQC), I call at 
tention to an unfortunate phrase em- 
ployed by the authors. 

On page 112, in the paragraph above 
the heading “Limitations.” it is stated 
that “reliability is achieved by sim- 
One of PGRQC’s prob- 


proper indoctrination of the 


plicity. 
lems is 
fundamental philosophy of reliability. 
Unfortunately, there are many people 
who believe that reliability is achieved 
by simplicity. This is just not true. Re- 
liability 
not achieved by simplicity. 


is aided by simplicity; it is 


Thus. you can have a device consist- 
ing simply of just a resistor and a 
capacitor, but the item would not be 
reliable if the capacitor is working at 
voltages substantially over the rating 
and the resistor is required to dissipate 
than the rating. Re- 
liability is aided by the simplicity of 


wattage greater 


the circuit design. but can be achieved 
only by proper specification of com- 
ponents with respect to the application 


and the requirements of the system. 


H. J. HJHERMSTAD 
Vice-President, Engineering 
Sota Exectric Co., Chicago 

Dr. Wouk of Sorensen & Co. is quite 
correct in stating that reliability is 
aided, and not achieved by simplicity. 
It is assumed throughout the discussion 
of the power supply involved that all 
of the components used were correctly 
rated. One reason that the power sup- 
ply is extremely reliable is the fact 
that the constant-voltage transformer 
feeding it has a very rectangular wave 
shape: hence, peak voltage and peak 
inverse voltage to the rectifier are well 
below the normal rectifier rating. This 


is shown quite clearly in Fig. 10 in 
article. In addition, the 


square wave shape applied to the filter 


the orginal 


provides minimum ripple to filter. 
Since the transformer has an ove! 
load characteristic such as shown in 
Figs. 8 and 13, the current is limited, 
and by properly choosing rectifiers one 
can be well within their maximum cur- 
rent rating. This current-limiting char- 
acteristic also protects the filter capaci- 
tor inasmuch as the charging current 
of C2 and C3 in Fig. 9 is limited to 
the short circuit current of the trans- 
former, so the charging current will be 
limited and should prolong the life of 
these capacitors. At the same time, 
when the capacitor charging current 
is of short circuit value, the voltage 
output of the rectifier reduces and so 
the voltage value across C2 and C3 rises 
slowly against time when the power 
supply is first turned on. In this man- 
ner there is no voltage over-shoot dur- 
ing turning-on period. So what we are 
saying is that reliability has been 
proper selection of 
parts in this simple 


achieved by the 
properly rated 
system. 


My basic 


always been to take out as much equip- 


philosophy in design has 


ment as possible, properly design the 
parts you are going to use, and thus 
minimize the maintenance problems. 
Incidentally, there is an error in Fig. 
14. The output voltage is 
shown as 100 volts: it should be 10.0. 
The decimal point has been Jeft out. 


variation 


Perforated Storage Media 
J. R. BELOW 

CuMMINS-CHICAGO CORP 

Chicago 40, Il. 


This intensely interesting article 
(December 1958, p 53) showed a Cum- 
mins Perf-O-Data coupon in Fig. 30 
captioned “Example of 
perforated protect 
against alteration.” Rather, the use of 
perforated figures on installment pay- 
ment coupons is for expediency. Per- 


misleadingly 
printing used to 


forating a book of 18 coupons and two 
or three 
actuation completed in less than a 
minute. Further, estimated 
30 million perforated-coupon payments 
are made each month, a Cummins Perf- 
O-Reader has been developed to read 


inserts requires a_ single 


since an 
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UP TO 25% LESS! 


iz 
i 

NEW “CONTACT BRONZE” STRIP KEEPS b THE SPRING IN 
FORMED CONTACT PARTS, YET COSTS - 


Manufacturers can now form intricate contact parts sridgeport ‘Contact Bronze’ Alloy 92 costs up to 
that cost less from Bridgeport’s new “‘Contact Bronze’”’ 25% less than metals previously used for this appli- 
strip. High quality is maintained in this new, red color cation. If you form or stamp shaped contact parts, 
alloy strip by the addition of a minute quantity of learn how “Contact Bronze” can maintain quality 
phosphorus, which provides superior spring properties, at lower cost. Samples and a copy of the “Contact 
even in hard-to-form parts. Bronze”’ data sheet are available from your nearest 
Specially engineered for the electronics industry, Bridgeport Sales Office. Call or write today! 





These electrical terminals were originally American Electric Switch Division, Clark A leading manufacturer of control switches 
made of phosphor bronze. Parts now are Controller Co., Cleveland, Ohio, wanted needed these fuse clips with special me- 
produced from Bridgeport ‘‘Contact a lower-cost material for pressure clips. chanical and electrical properties. Bridge- 
Bronze’ 92—at appreciable savings. Bridgeport ‘“‘Contact Bronze’’ 92 met all port ‘“‘Contact Bronze’’ 92 met the speci- 
specifications ... good electrical conduc- fications—at lower cost. 

tivity to reduce heating, superior spring 
and mechanical properties—and all at 
lower eost, 

















ihn BRIDGEPORT BRASS COMPANY 


Bridgeport Bridgeport Brass Company, Bridgeport 2, Conn. « Sales Offices in Principal Cities 
v Specialists in Metals from Aluminum to Zirconium 
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coupon perforations automatically and 
translate the information to any de- 
sired machine  language—punched 
cards or tape, magnetic tape, or di- 
rectly into a computer memory. The 
Perf-O-Reader photoelectrically moni- 
tors only four of the 18 possible holes 
in the perforated character matrix 
(plus a fifth parity check hole) and 
thus functions similarly to a five-chan- 
nel tape reader. 





| 








MOTOROLA 
74-1 |=, Be) le} e) += 











. . *,* . . . ( F 
for dependable regulation, limiting and clipping service ee ee a eS 
by reader. C—No. 7 as eye sees it. D— 
No. 7 as machine reads it. E—No. 4 as 
eye sees it. F——No. 4 as machine reads it. 


Motorola silicon junction zener regulators are versatile components 
with a wide range of applications. Produced to extreme quality stand- 
ards, they offer ratings and characteristics not previously available. 
Incorporate them in your circuits for greater design flexibility . . . 
greater reliability. 


10 and 50 watt types — up to 200 volts in both series with tolerances ‘ 
of 5%, 10%, or 20%. -65°C to 175°C operating temperature — no THIS MONTH'S COVER 


soft or unstable zener knees — controlled forward characteristics for 
applications requiring conduction in both directions — conservatively 
rated for excellent long-time stability — hermetically sealed. 


TYPICAL APPLICATIONS — regulation of DC voltage, DC level chang- 
ing and coupling — surge protection — arc suppression — regulation of 
vacuum tube heaters — whenever a constant DC voltage independent 
of current is required. 


>K “ OFF THE SHELF ” FROM THESE DISTRIBUTORS 


BOSTON — Cramer Electronics, Inc.; CAMDEN — General Radio 
Supply; CHICAGO — Allied Radio, Inc., Newark Electric Co.; 
JAMAICA, N. Y. — Radio-Wire-Television (Lafayette Radio); LOS 
ANGELES — Kierulff Electronics, Inc.; NEW YORK — Milgray Elec- 
tronics, Inc., Radio-Wire-Television (Lafayette Radio); WASHING- 
TON, D. C. — Electronic Industrial Sales. 


Allow 2 weeks for reversed polarity and some 5% tolerance units. 


month’s special insert (see page 87) is 


INFORMATION 
contact the distribu- MOTOROLA represented on the cover by the breaking 


waveshape into 


tors listed above low f an irregular 
the nearest Motorola 4 SEMICONDUCTORS rt ache dana components. 


FOR COMPLETE , i 
TECHNICAL AA DEPEMDABIE QUALITY ~001 QUANTITY FouRIER ANALYSIS, the subject of this 


regional office. The example is a simple one, the two 
components being merely the first and 
second harmonics in phase with each 
other, but the lack of complexity in the 

. diagram is indicative of the basic sim- 
RIDGEFIELD, NEW JERSEY CHICAGO 44, ILLINOIS HOLLYWOOD 28, CALIFORNIA : plicity of the approach to engineering 


whine SIO a nda yy Street rae feels] —"* ; problems which is provided by Fourier 


REGIONAL 
OFFICES: MOTOROLA INC., 5005 E. McDOWELL, PHOENIX, ARIZONA 


analysis. 
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OPEN OUT FOR CONVENIENCE IN CHECKING INQUIRY CARDS 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
In the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if received by April |, 1959 


Sanaa 


Advertised Products 


Circle key numbers of those advertisements if 
you oo more information about what is ad- 
vertised. 


REGIE B8 


Bis ne 


New Components and Materials 


Reviews of new developments starting on 
page 194 


Was 


New Literature 


Latest catalog and bulletin offerings starting 
on page 178 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 164. For Special Reprints, see 
Order Form on page 174. 
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ADVERTISED PRODUCTS OR SERVICES 


NEW COMPONENTS NEW LITERATURE 





182 209 236 263 | 290 317 344 371 
183 210 264 | 291 318 345 372 
184 211 238 265 | 292 319 346 373 
239 266 | 293 320 
213 240 267 | 294 321 
214 241 268 | 295 322 
215 242 269 | 296 323 
243 270 | 297 324 
217 244 271 | 298 325 
218 245 272 | 299 326 
219 246 273 | 300 327 
220 247 274 | 301 328 
221 275 | 302 329 
222 249 276 | 303 330 
223 250 «277 | 304 331 
224 278 | 305 332 
252 306 6333 
280 | 307 334 
281 | 308 335 
262 | 309 336 363 
283 | 310 337 
2864 | 311 338 
285 | 312 339 
286 | 313 340 
287 | 314 341 
288 | 315 342 
289 | 316 343 














530 564 581 632 649 666 
531 565 582 633 650 667 
532 566 583 "| 634 651 668 
533 567 584 635 652 669 
534 568 585 636 653 670 
535 569 586 637 654 671 
336 570 587 638 655 672 
53? 571 588 639 656 673 
538 572 589 640 657 674 
539 573 590 641 658 675 
540 574 591 642 659 676 
541 575 592 643 660 677 
542 576 593 644 661 678 
543 577 594 645 662 679 
544 578 595 646 663 680 
545 579 596 647 664 681 
546 580 597 648 665 662 




















Individual 





Title Dept. or Div. 





Company 





Street i oe State 





Principal Product Manufactured 





THIS FOLDER OPENED for your convenience in checking 





ADVERTISED PRODUCTS OR SERVICES 





182 208 317 344 «371 598 615 
183 «210 318 345 372 599 616 
184 #211 318 346 373 600 617 
185 212 320 374 601 618 
186 213 321 375 602 619 
187 214 322 376 603 620 

215 323 377 604 621 

216 324 378 605 622 

217 325 378 606 623 
326 380 607 624 
327 381 608 625 
328 382 609 626 
329 383 610 627 
330 384 611 628 
331 385 612 629 
332 386 613 630 
333 387 614 631 
334 388 




















335 389 
336 390 Individual 
337 391 
338 392 Title 
338 393 
340 394 Compa ny 
341 395 
342 396 Street 
343 397 








Principal Product ‘Manufactured 








ADVERTISED PRODUCTS OR SERVICES NEW COMPONENTS NEW LITERATURE | REPRINTS 





209 236 263 | 290 317 344 371 513 530 547 564 581 588 615 649 666 683 | 701 718 
210 237 264 | 291 318 345 372 531 565 582 599 616 650 667 684 | 702 719 
238 292 319 346 373 532 566 583 600 617 651 668 685 | 703 720 
212 239 266 | 283 320 347 374 533 550 567 584 601 618 652 669 686 | 704 721 
213 240 267 | 294 321 348 375 534 568 585 602 619 653 670 687 | 705 722 
241 268 | 295 322 349 376 535 552 569 586 603 620 654 671 688 | 706 
215 242 269 | 296 323 350 377 536 553 570 587 604 621 655 672 707 724 
216 243 270 | 297 324 351 378 53? 571 60s 622 i536 673 708 725 
217 264 271 | 298 325 352 379 538 555 572 589 606 623 657 674 709 726 
218 245 299 326 353 380 539 556 573 590 607 624 658 675 110 727 
219 246 273 | 300 327 354 381 540 557 574 591 608 625 659 676 728 
220 247 301 328 355 382 541 S75 582 609 626 660 677 112 729 
221 248 275 | 302 329 356 383 542 559 576 583 610 627 661 678 713 730 
222 249 276 | 303 330 357 384 543 560 577 594 611 628 662 679 114 731 
223 250 277 | 304 331 358 544 561 578 595 612 629 663 680 715 732 
224 251 278 | 305 332 545 562 579 596 613 630 664 681 16 733 
225 252 279 | 306 333 360 546 563 580 597 614 631 665 682 117 734 
226 253 280 | 307 334 361 
227 254 261 | 308 335 362 
228 255 282 309 2336 
229 256 283 | 310 337 364 
230 257 284 | 311 338 
231 258 285 | 312 339 
232 259 340 Company _ 
233 260 341 
234 261 342 Street 
235 262 343 
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Principal Product Manufactured 





Inquiry Cards from any page in issue 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if received by April |, 1959 





READER 
INQUIRY 
SERVICE 








Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 
Reviews of new developments starting on 
page 194 


New Literature 


Latest catalog and bulletin offerings starting 
on page 178 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 164. For Special Reprints, see 
Order Form on page 174, 
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At Canadian General Electric Company, Limited: 





Previous, asphalt-impregnated transformers, made by 
Canadian General Electric, Limited. Insulation strength 


was limited. 


Following curing period, the mold is quickly unbolted 
and the Epon resin-potted transformer removed. 


NEW 


Streamlined transformers, molded with Epon resins, 
have superior insulation, dielectric strength; accuracy, 
performance are greatly improved. 


Cutaway view of new instrument transformer clearly 
shows the complete penetration of Epon resins. 


Epon’ Resins improve performance, streamline 


appearance of instrument transformers 


When Canadian General Electric Company, Limited, 
Toronto, Canada, decided to produce a new line of in- 
strument transformers, they were faced with several 
critical problems: how to ensure performance, reliability, 
and appearance... all on a mass-production basis. 
They solved all their problems with Epon resins. 
Result: these handsome new transformers, completely 
impregnated with Epon resins, have high insulation 
and dielectric strength, good impact resistance, ex- 


cellent heat dissipation, and increased ability to with- 
stand creepage. Cracking and oxidation are virtually 
eliminated. 


If potting, laminating, sealing or encapsulation play 
an important role in your operations, be sure to investi- 
gate Epon resins. They may be able to solve a produc 
tion problem for you. For assistance and_ technical 
information, write to your nearest Shell Chemical office 
listed below. 


SHELL CHEMICAL CORPORATION 


PLASTICS AND RESINS DIVISION 


CHICAGO + CLEVELAND « 


ANADA er s 


FEBRUARY 1959 


LOS ANGE 


LES «+ NEW YORK 


tre 
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Consider the compact windings possible with 


Phelps Dodge Square 


and Rectangular Film Wires 


that can improve insulation system designs, 


cut equipment size and overall costs! 


ELECTRICAL MANUFACTURING 





FORMVAR 


Proved for Class A (105° C) use in 
many types of distribution transformers 
motors and other electrical equipment. 


2 THERMALEZE F 


A polyester cyanurate film wire for 
use in Class F (155° C) insulation systems 
designed for thin film wire windings 


When used under Daglas®, acting as a positive 
inorganic spacer, Formvar and Thermaleze® F 
give outstanding performances at Class F (155° C) 
and Class H (180° C) respectively. 
Phelps Dodge square and rectangular film wires 
also have these accepted advantages: 
Flexibility, toughness and good forming qualities 
for assembly. 
Setter space factor (more turns in less space 
that permits (a) reduction in equipment size and 
cost, or (b) increased power with same size 
equipment, when used in proper insulation systems. 


High dielectric, moisture-resistant films. 


t wire is your problem, consult Phelps Dodge for the quickest, surest answer! 


PHELPS DODGE COPPER PRODUCTS 


CORPORATION 


INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 
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Vinci s design for an odometer 


EVEN DA VINCI’S ODOMETER COULD HAVE BEEN 
BETTER WITH HELP FROM AN SXF ENGINEER. 
An S&F engineer can afford to concentrate on your bearing problem rather than his 
own product line—because the Si line includes all four types of ball and roller 
bearings in many thousands of sizes. This gives him the kind of flexibility he needs to 
keep an open mind on any bearing problem. Give your problem to S&F and see. 783 


EVERY TYPE—-EVERY USE 


oKF. 


SKF INDUSTRIES INC PHILADELPHIA 32 PA 


REG. U.S. PAT. OFF 
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FAST /ST eer 
SENSITIVE! See es 
NEW(RU aa thas 


Mercury-Wetted 
Contact Relay 





IDEALLY SUITED TO 
HIGH SPEED SWITCHING DEVICES 


The Type HGS Relay is a new variety of 
CLARE Mercury- Wetted Contact Relay, 
developed to meet the needs of modern 
design engineers for faster and more 
sensitive relays. The HGS Relay is especially 
suited to all types of high-speed switching 
devices, over-voltage and overload protection 
devices and high-power chopper applications. 

Operating speeds may be up to 200 cps or 
more. Sensitivity may be as low as +2.5 
milliwatts for a bi-stable adjustment, as low 
as 5 milliwatts for a single-side-stable 
adjustment. Contact rating is 2 amperes, 500 
volts, with a limit of 100 volt-amperes. 


Supplements Clare HG and HGP Relays 
The new CLARE Type HGS Relay will not 
supplant the revolutionary Types HG and 
HGP. It will supplement these relays in 
applications which require higher speed 
or greater sensitivity. ’ emi a eee 
The Clare Type HGS is similar to the Type HGS Relay. Mercury- 
Types HG and HGP except that the HGS is wetted contact switch is 
always biased with permanent magnets. pre gg ben 
These are adjusted to single-side-stable or coil. Biasing magnets are 


bi-stable operation. attached to the upper ends 
of the side plates. 








ELECTRICAL FEATURES MECHANICAL FEATURES 





Long Life: Over one billion operations at rated load. 
Operation Speed: Up to 200 cps with consistent per- 
formance. Higher if some variation is tolerable. 

High Sensitivity: 5 milliwatts for single-side-stable ad- 
justment; +2.5 milliwatts for bi-stable adjustments. 
Stable Operation: 0.1 millisecond maximum operating 
time variation. 

Freedom from Chatter: Absolutely NO CONTACT 
BOUNCE. 

Low, Stable Contact Resistance: Initial contact re- 
sistance, 25 to 50 milliohms, does not vary by more than 
1 or 2 milliohms during life of contacts. 

Low Ratio Coil Inductance: Low inductance-to-re- 
sistance ratio of coil suits relay well for transistor-drive 


EVeyeliver-lilelal-e 
x & LA ¥ » FIRST in the industrial field 


Conveniences: Small, light-weight; plugs in like vacuum 
tube; completely protected from atmospheric conditions; 
contacts cannot wear, weld, stick or chatter; tamper- 
proof; requires no maintenance. 





Durability: Easily withstands normal handling and trans- 
portation shocks. 


Send for CLARE Sales Engineering Bulletin No. 
125 for complete information on the new Type HGS 
Relay. Bulletins 120 and 122 describe HG and HGP 
Relays. Write: C. P. Clare & Co., 3101 Pratt Bivd., 
Chicago 45, Illinois. In Canada: C. P. Clare 
Canada Ltd., 2700 Jane Street, Toronto 15. Cable 
Address: CLARELAY. 





From Mallory Contact Metallurgy... 
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Contact Materials 
For Every Application 


To meet the increasingly exacting demands of 
modern contact applications, research ingenuity 
is constantly at work at Mallory. Using equip- 
ment like that pictured here, Mallory contact 
specialists have created materials like Elkon- 
ite®, a unique combination of conductive and 


refractory materials, that fills requirements 
beyond the abilities of previously available ma- 
terials. From this pioneering effort has come 
a complete line of contact alloys, from which 
you’re sure to find the exact performance and 
price characteristics for your equipment: 


e Elkonites® . . . with high resistance to impact, ability to withstand arcing. . . 
industry’s standard for heavy duty switchgear. 
Platinum and Palladium Elkonium® with low and uniform contact resistance, for 
voltage regulators and control circuits. 
Silver and Semi-refractory materials with high conductivity and good arc 
quenching qualities for heavy duty relays and motor starting service. 
Special copper alloys for current carrying contacts . .. and high resistance to wear. 


Tungsten and Molybdenum . extremely hard, with high melting point for 


applications where many “‘makes”’ and “‘breaks”’ are required. 


Silver Elkoniums® . . . wide variety of silver base alloys, for low cost, minimum 


transfer, low and stable contact resistance. 
new or current designs can help you get peak 


performance for your contact dollar. Write 
or call us today. 


INDIANAPOLIS 6, INDIANA 


Mallory contact engineers are well qualified 
to recommend the materials best suited for 


your requirements. A consultation on your 








P. R. MALLORY & CO. Inc., 


Cost-cutting design assistance. On this automotive 
relay contact, for instance, Mallory application eng 
neers reduced costs by 40°;. Original design consisted 
of a screw-machined blank to which a silver alloy dis« 


Specialized contact assembly methods. Mallory re- 
search has developed many new, cost saving ideas for 
joining contacts and backing members. Shown above 
is a laboratory-precision spot and projection welder 
which helps establish welding characteristics and con- was brazed. In the simplified Mallory design, the sil 
ditions, electrodes and ‘.xtures for contact assemblies. ver alloy disc is crimped onto the base, using a 
This, and other contact assembly research facilities, projection on the base to hold the dise in position 
assure the best performance in your finished product. Result: big saving in price, no loss of performance 
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OUR HERO 








Field rings were breaking brushes! 











. 
Love PRESTOENTS =| 











TIONAL stopped brush breakage! 


TRADE -MARK 


DOWN-TIME COULD HAVE COST THIS POWER COMPANY A FORTUNE! 


Power companies kept reporting ment — not to mention repair expense. 
threading and grooving of the “Red” suggested using “National”? Grade 634 
steel field rings on giant turbine Brushes. Comparative tests showed this brush 
generators. The result was eccen- eliminated threading, grooving and resisted break- 
tric rings and severe brush break- age and chipping when applied to eccentric rings. 
age, says “‘National’’ Carbon Do you have a brush problem? Call your 
Brush Man “Red” Blackburn. “‘National’’ Brush Man. Or, write to National 
And, he continues, a turbine off the line for re- Carbon Company, Division of Union Carbide 
conditioning can cost a fortune in power replace- Corporation, 30 East 42nd St., New York 17, N. Y. 


“RED” BLACKBURN 


UNION 
bey \ii=j]e) 3 


National’, ""N"’ and Shield Device and "Union Carbide" are registered trademarks of Union Carbide Corporation 


NATIONAL CARBON COMPANY -« Division of Union Carbide Corporation «+ 30 East 42nd Street, New York 17, N.Y. 


Sales Offices; Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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“Armalon” offers superior armature insulation 


at lower cost 


Since switching to a slot wrapper of 
“Armalon’’* TFE-fluorocarbon resin- 
coated giass fabric, Reliance Electric 
and Engineering Company gets better 
armature insulation and saves money, 
too. 

For use on their Class H insulated, 
normal-voltage, large D.C. motors, Re 


liance finus “‘Armalon”’ offers superior 
electrical properties and resistance to 
heat aging. ‘“‘Armalon’’-wrapped coils 
wind easily—resist breakdown under 
mechanical stress of winding and insert- 
ing coils. With “‘“Armalon’’, Reliance has 
never had a failure during high-poten 


DU PONT INDUSTRIAL 
COATED FABRICS 
CEMENTS 


SHEET STOCKS - 


FEBRUARY 1959 


in large Reliance D.C. motors 


tial testing. In addition, ‘‘Armalon”’ has 
given Reliance a saving on the basis of 
material costs. 

Because ““Armalon’’ has helped im 
prove quality and cut costs for this ap- 
plication, Reliance is studying its use 
for other motors in their line. 

Du Pont offers ‘“Armalon’’- coated 
glass fabrics in a variety of forms and 
thicknesses—full-width materials to 38 
tapes, and multiple-ply laminates in 
sheets or rolls—for a wide range of motor 
and generator insulation applications. 
All possess excellent electrical proper- 


ties— perform continuously at tempera 


4 


Please send me more 


Name 


Firm 


Address 


City 


oe ee we we oe ee ee 
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tures of 482 F. ““Armalon”’ is highly re 
sistant to abrasion, solvents, and cor 
rosive chemicals and possesses excellent 
anti-stick properties. Flow under com 


bined heat and pressure is extremely low 
* * 


For specific data on properties of 
“Armalon” mail the coupon or write 
EK. I. du Pont de Nemours & Co. (In« 

Fabrics Division, Dept. KM-89, Wil 
mington 98, Delaware. ‘““Armalon”’ is 
distributed to the electrical industry by 
Insulation Manufacturers Corporation 


Chicago and Cleveland 


1 Pont de Nemours & Co. 


wics Division, Wilmington 4& 


informatio 


Armak 





New from HOWARD...a Complete 


Shown on these pages are just a few of Howard’s gear 


* UNIVERSAL 
* SHADED POLE 
° INDUCTION 


motors. Thousands of combinations and ratios are avail- 
able in universal, shaded pole and induction types. If your 
product requires gear motors, check today for complete 
information. Give us details of your application and quan- 
tities required and we will be happy to submit samples and 


Ratios from 3:1 to 2700:1 


quotations or more information on standard types available. 


MODEL 300 
TYPE: Two Pole Shaded Pole AC — 
3200 R.P.M. 
WIDTH: 2-15/32". LENGTH: 3-7/8". 
MAXIMUM CONTINUOUS TORQUE OZ. 
IN. (ot 11/16” Stacking Length). 
*1 RPM. 500 oz. in. 
*150 RPM. 3.3 oz in. 
MAXIMUM INTERMITTENT TORQUE OZ. 
IN. (ot 11/16" Stocking Length). 
*) RPM. 750 oz in. 
*150 R.P.M. 5 ox. in. 


VOLTS: 12 to 115. 

BEARINGS: Porous bronze sleeve bearing 
with oil reservoir. 

*Torques at intermittent speeds ore in- 

versely proportional to speed. 


MODEL 2500 

TYPE: 2 or 4 Pole Induction. 

DIAMETER: 2-9/16” squore. 

LENGTH: 1-7/8” to 2-3/8”. 

SPEED: *1200 to 3600 R.P.M. 

H.P.: 1/300 to 1/1400. 

MAXIMUM TORQUE oz. in. *1.6 to 3.5. 
BEARINGS: *Boll or sleeve. 

*Dependent on type of motor used; i.e 
Non-Synchronous Capacitor Motors, 
Torque Motors, Standard Synchronous 
Motors, Hysteresis Synchronous Motors 
GEAR HEAD: Rotios from 6:1 to 3600:1 
Torques up to 300 in. oz. at low speeds 
Range of output speeds from 2 r.p.m 
to 600 r.p.m. 

Spur gears are used throughout. The high 
speed pinion, cut on the rotor shaft, 
assures extreme accuracy, and maximum 
strength is achieved by supporting the 
output shoft in large, solid bronze beor- 
ings. 





MODEL 3000 

with GEAR UNIT 

TYPE: 2 Pole Shaded Pole. 

DIAMETER: 3-7/16". 

LENGTH: 3-5/8" to 4-1/2”. 

MAXIMUM CONTINUOUS TORQUE®* 1 


R.P.M. (at 1-1/2" Stacking Length): 
45 in. Ibs. 

MAXIMUM INTERMITTENT TORQUE*® 1 
R.P.M. (ot 1-1/2" Stacking Length): 
70 in. Ibs. 


BEARINGS: Porous bronze sleeve type 
with oil reservoir. 


*With external fan. Torques at other 
speeds from 1 to 400 rpm available 
vpon request. 


MODEL 2900 

with GEAR UNIT 

TYPE: 2 Pole, 4 Pole Induction. 

DIAMETER: 3-5/16". 

LENGTH: 7-5/64" to 8-11/64". 

SPEED: 1650 to 3600 R.P.M. depending 
on type of motor used—Non-Synchro- 
nous, Standard Synchronous, Hysteresis 
Synchronous, or Torque. 

H.P.: 1/70 to 1/15 depending on length 
of stacking. 

TORQUE OUTPUT: Up to 60 in. Ibs. de- 
pending on ratio. 

BEARINGS: Permanently lubricoted and 
sealed ball bearings. 

RATIOS: 10:1 to 60:1. 





MODEL 2400 

TYPE: 4 Pole Induction 

DIAMETER: 2-9/16" square. 

LENGTH: 2-3/8" to 3”. 

SINGLE PHASE CAPACITOR MOTOR: 
Maximum Torque oz. in.—1. 
Full Load Speed R.P.M.—1150. 
Bearings—RBC—Ball. RWC—Sleeve. 


TWO PHASE MOTOR: 
Maximum Torque oz. in.—1.5. 
R.P.M.—1150. 
Bearings: RBT—Ball. RWT—Sleeve. 
BEARINGS: Porous bronze sleeve type with 
oil reservoir, or grease sealed ball bear- 
ings. 
GEAR UNITS: Ratios 6:1 to 3600:1. Spur gears 
throughout. The high speed pinion is cut on 
the shaft, assuring accuracy and concen- 
tricity, and maximum strength is achieved 
by supporting the output shaft in large por- 
ous bronze bearings. 


MODEL 29-500 

with GEAR UNIT 

TYPE: Universal AC/DC or Shunt. 

DIAMETER: 3-5/16". 

LENGTH: 7-13/64" to 7-37/64". 

SPEED: 5000 to 10,000 RPM. 

H.P.: 1/70 to 1/4 depending on length 
of stacking. 

TORQUE OUTPUT: Up to 60 in. ibs. de- 
pending on ratio. 

BEARINGS: Permanently lubricated and 
sealed ball bearings. 

RATIOS: 10:1 to 60:1. 
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line of Fractional H.P 


‘ 


Zz 


MODEL 1050 A 
OUTPUT SPEEDS—1 rpm and up. 


GEARS—Molded nylon in high-speed for 
quiet operation, stamped, cut or sintered 
in low-speed section. 
BEARINGS—Sintered porous bronze with 
large oil reservoirs for assured self lubri- 
cation. 

MOUNTING—Front only; choice of ten 
holes tapped as required. 

ROTATION— Unidirectional (CW or CCW). 
SHAFT—3/16 in. dia. std. with length to 


meet requirements. 


full load = 
os input (115-V) geor 
7 omps. watts ‘atic 





— 





34 18 §=500:1 
34 1% = 333:1 
-46 24 200:1 
46 24 = 100:1 
46 24 45.4:1 
75 35 = 27.8:1 
8) 40 21.4:3 


Designed for direct mounting on Howard motors, 
the speed reducers illustrated in this section give 
a wide range of speeds and torque in both open and 
single or two stage. 
grease packed for efficient lubrication with minimum 
maintenance. For heavy duty, high torque applica- 


closed types; 


2 POLE, DOUBLE BEARING 


“ty 


MODEL 1070 
OUTPUT SPEEDS—30 rpm and up. 
GEARS—Molded nylon in high-speed sec- 
tion for quiet operation; stamped, cut or 
sintered in low-speed section. Also avail- 
able, when specified, with cut gears 
throughout. 

BEARINGS—Sintered porous bronze with 
large oil reservoirs for assured self-lubri- 
cation. 

MOUNTING—Front only; choice of three 
holes tapped #8-32 and/or two .161 in. 
dia. holes. 

ROTATION— Unidirectional (CW or CCW) 
as specified. 

SHAFT—3/16 in. dia. std. with length to 
meet requirements. 


sterting| ne _ full lead 
torque, load ceveee if input (1 15-v)| geor 
in. tbs.) PM in ibs PO™ “omps. wotts| ratio 








2.25 82 45 | 74 .46 24 | 378 | % 





Closed units are 


ar Motors 


MODEL 1150 
OUTPUT SPEEDS — 60 rpm — hal gear 
trains for different output speeds avail- 
able, state requirements. 
GEARS—Molded nylon in high speed sec- 
tion for quiet operation. Stamped, cut or 
sintered for low-speed section. 
BEARINGS—Sintered porous bronze with 
large oil reservoir for assured self-lubri- 
cation. 

MOUNTING — Front only, choice of ten 
holes tapped as required. 
ROTATION—Unidirectional (CW or CCW 
as specified). 
SHAFT—1/4 in. dia. 


meet requirements. 


std. with length to 


ae _ full lead * saamesliael | sige 


torque, input (115-V¥)| geor | 
in. Ibs. ‘omps.| watts | "atic | 


sterting «ne 
torque, load 


in. Ibs pm ~ 





16 75 | 24.5 | 60) 3.1) 124 sor] 1a 


“Intermittent duty (10 seconds On, 50 
second OFF continuously). 


are available as gear motors with the gear units illustrated. 
Hundredsof standard ratios permit accurate selection 
of output speed. Most of the gear units can be supplied 
with double shaft extensions where required. Our gear 
reducers are intended for use only with Howard motors. 
Ratings are maximum under ideal operating condi- 


tions, Models A-7 and A-12 are especially recom- 


tions. Each application requires careful consideration 
mended. Twelve Howard universal motors (not shown 


based on having description of Load & Duty Cycle. 


MODEL A-3 
MODEL A-1 Double Reduction, | 
Single Reduction, Open, With Mount 
Open ing Pad 
Maximum Ratio: Maximum Ratio: 
58:1 700: 


MODEL A-4 
Single Reduction, 
Closed Closed 
Maximum Ratio: Maximum Ratio: 
58:1 2700:1 
Minimum Ratio: 3: Minimum Ratio 
TORQUE 40:1 
Continuous Duty: 
5 in. Ibs 
Intermittent Duty: 10 in. Ibs 
Efficiency: Max k 


MODEL A-5 


Double Reduction, 


Minimum Ratio: 3:1 
TORQUE 
Continuous Duty: 
5 in. Ibs. 
Intermittent Duty: 10 in. Ibs. 
Efficiency: Max. 45% 


Minimum Ratio: 

40:1 

TORQUE 
Continuous Duty: 5 in. Ibs 


Intermittent Duty: 10 in. Ibs 
Efficiency: Max. 30% 


TORQUE 
Continuous Duty: 10 in. Ibs. 
Intermittent Duty: 20 in. Ibs. 


0, 


Efficiency: Max. 30% 





MODEL A-7 MODEL A-12 
Double Reduction » Combined Worm 
Closed, and Spur Gears 


Heavy Duty Re: ~” Maximum Ratio 
". si 


MODEL A-26 
Single Reduction, 
Closed 

Heavy Duty 
Maximum Ratio: 


MODEL A-6 
Single Reduction, 
Closed 


Maximum Ratio: Maximum Ratio: “| 525:1 


2600:1 we — Ratio: 
Minimum Ratio os Ratio: 3:1 
21.5:1 FORQUE TORQU 


TORQUE Continuous Duty: Continuous Duty: 
Continuous Duty: 50 in. Ibs. 100 in. Ibs 50 ‘n 


Intermittent Duty: 100 in. Ibs. Intermittent Duty:: 250 in. Ibs Intermittent aie 100 i in. Ibs. 
Efficiency: Max. 50% Efficiency: Max. 50% Efficiency: Max. 80% 


Minimum Ratio: 3:1 
TORQUE 
Continuous Duty: 
12 in Ibs. 
Intermittent: 25 in. Ibs. 
Efficiency: Max. 65% 


HOWARD INDUSTRIES, INC., 1720 State St., Racine, Wis., Telephone ME 2-2731, Teletype: RAC344 


Sales Offices: Festus, Mo., 1049 Front Street, YE 7-3606 
Camden, New Jersey, 300 Broadwoy, WO 4.9733 Los Angeles 36, 942 S. la Brea Ave., WE 8.2444 
Chicago 4, II!., 208 S. LaSalle St., CE 6-5126 New York 1, Empire State Bidg., LO 4-7992 
Cincinnati 2, O., 1077 Celestial St. , PA 1-2985 Tyler, Texos, 2512 Sheryl Lane, TY 4-5355 


Representatives in Principal Cities—Consult Your Classified Phone Book 


DIVISIONS ENO ELECTRIC MOTOR CORPORATION €& CYCLOHM MOTOR CORPORATION (@) RACINE ELECTRIC PRODUCT (LS) LOYD SCRUGGS COMPANY 
cop x 
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STOP 


the EYELET 
HUNT 





same tools. 


Only SEVEN sets of tools needed for all 65 sizes! 
This means that tooling is reduced as much as 90% 
With United’s closely co-ordinated system of Stand- 
ardized Eyelets and Eyeleting machines, eyelet grip 
can be increased as much as 1000% (for instance, 
from .093” to .437”) without a single change in drill, 
punch, or setting tool. Result: greatly reduced in- 
stalled costs and true fastener economy. 

Purchasing problems are eliminated. United Stand- 
ardized Eyelets are carried in stock at key points: 
United’s Shelton Eyelet Division plant near New 
York and branch offices in Chicago and Los Angeles. 
Low eyelet costs for you are ensured by United’s 
constant high volume production on a relatively 
small number of sizes. 

«© Inventory is greatly simplified. Fewer sizes do more 
jobs. Actual experience of thousands of users for over 
two decades has shown that United Standardized 
Eyelets and co-ordinated Eyeleting machines can 


ae nly 7 sets of tools for ali 6S sizes 
All eyelets in each column set by 


Simplity design 
peed production 





ave money 


You can save many expensive engineering hours 
because designers no longer need to plow through 
thousands of eyelet specifications. Over 20 years’ 
experience has shown that a very high percentage 
of all eyelet work can be done with the 7 United 
Standard diameters. 
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reduce the number of eyelet sizes carried in stock 

an average of 66°3%. 

Precision made in standard increments of 1/32” in 
both barrel O.D. and length, each one of the 65 
United Standardized Eyelet sizes has a standard re- F 


lationship in dimension and proportion to every other 

eyelet in the series. They are designed tc save you 

money. Start to-day to enjoy the advantages of 

United’s Standardized Eyelets. Write or call us for Y 
complete information. 

New Eyelet Catalog Complete specifications of all 

phases of United's co-ordinated system of eyelets, eyelet- 

ing machines, setting tools. Also includes data on special 

eyelets and metal stampings. 


SHOE MACHINERY CORPORATION 
BOSTON 7, MASSACHUSETTS 


Branches: ATLANTA, GA. * CHICAGO, ILL. * CINCINNATI, CLEVELAND and COLUMBUS, OHIO * DALLAS, TEXAS * HARRISBURG, PA. * JOHNSON CITY, N. Y. * LOS ANGELES, 


CALIF. * LYNCHBURG, VA. * MILWAUKEE, WISC. * NASHVILLE, TENN. * NEW YORK, N. Y. * PHILADELPHIA, PA. * ROCHESTER, N. Y. * ST. LOUIS, MO 
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KL—-A VERSATILE, RELIABLE, LOW COST P&B RELAY 
for communications and automation 





ECONOMY and versatility distinguish our KL 
series relays. Contact arrangements are available 
up to 4 pdt in either AC or DC versions. Sensitivity 
of 100 milliwatts per movable arm is available. 
Stationary contacts and terminals are mounted 
on a phenolic front of high dielectric strength, thus 





KL ENGINEERING DATA 


GENERAL: Breakdown Voltage: 500 volt rms, 60 cycle between 
all elements standard 4 pole relay; 1500 volts rms, 60 cycle 
on special 3 pdt relay. 

Temperature Range: —45°C. to +85°C. 
Pull-in: Approx. 75% of nominal de voltage. 
Approx. 78% of nominal ac voltage. 





Terminals: Pierced solder lugs for two #20 AWG wires 





adding to the utility of the relay. Conveniently 
located terminals and easy-to-mount base greatly 
simplify installation on long production runs. 

KL relays may be hermetically sealed or fur- 
nished in metal dust covers. 

This is one of a ‘‘family’”’ of fine P&B relays. 
Others, with similar configurations but various 
electrical and switching capacities, are shown below. 
Write or call for more information or see the com- 
plete P&B catalog in Sweet’s Product Design File. 


FOR 4 POLE RELAYS 


3 MAX 


| i vee 010 
‘o_o. 


Enclosures: Metal can 2%" high x 2%” long x 2''" wide 
with octal plug or multiple solder header. 

CONTACTS: Arrangements: up to 4 pdt. 
Material: 4” dic. gold-flashed silver. (Others available.) 
Load: 5 amps @ 115 volts, 60 cycle resistive loads 

COILS: Resistance: 60,500 ohms mox 
Power: 100 milliwatts per movable arm. 


Z MIG. HOLES 
TAPPED 96-32 


Duty: Continuous; coils will withstand 6 watts (@ 25°C 


Voltages: up to 110 volts de. 
up to 230 volts ac. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


KCP SERIES: SENSITIVE 3 PDT RELAY 


For plate circuit applications requiring low 
cost, sensitive relay. Polyethylene dust cover 


KR SERIES: SMALL, 5 AMP RELAY 


Ruggedly constructed for long life and depend- 
ability. Available up to 3 pdt. 


Ai 


Gy, goose. - 
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KT SERIES: ANTENNA RELAY 


Insulated to minimize RF losses. Designed to 
switch 500 watts RF input to 300 ohm line 


KA SERIES: GENERAL PURPOSE 


Compact, light-duty relay. U/L approved 
Meets 1500 volts rms breakdown requirement 


POUUER & BRUMEIELD JING. 


PRINCETON, INDIANA ¢ SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
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platinum clad tungsten wire 


FINING 
COMPANIES ABROAD 
ONDON, 
USTRIE ENGELHARD S.P.A 


TH 


is most efficient for high 
temperature applications 


TI 


nT 


di 
Hie 


Platinum clad tungsten wire is ideally suited to 
modern requirements for high power vacuum tube 
grid and other high temperature applications. 
Because of its superior physical properties at el- 
evated temperatures, tungsten provides the more 
rigid, refractory core material required by high 
power tubes; it also exhibits lower interaction 
with platinum. Unlike molybdenum, platinum clad 
tungsten is readily hot-stretched to take a perma- 
nent setting and lends itself to fabrication into 
grids employing conventional fixtures and spot 
welding procedures. Available in diameters from 
.001” and up. Write for Technical Bulletin. 


BAKER PLATINUM DIVISION * 113 ASTOR STREET 
NEWARK, N. J. 
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BAKER 
PLATINUM 
DIVISION 


AN PLATINUM & SILVER DIVISION, 
DIVISION, 


DIVISION, 


CHEMICAL 
MAKEPEACE NATIONAL 
HARD INDUSTRIES OF CANADA, LTD 
STRIES A. G. ZURICH, ENGELHARD INDL 
ROME, ENGELHARD INDUSTRIES OF 
INVESTMENTS LTD., SOUTH A, 


ATINUM DIVISION, 
D 13 
ENGEL 


DIVISION EL 


ENGELHARD IND 


AFRICAN FOREST AFRIC AZOP 


AMERSIL QU 
EAST NEWARK INDUSTRIAL 
EcTRI 
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ATE 


INSTRU 
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TUTTE ULLAL 
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HANOVIA LAMP DIVISION, 
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BAKER CONTACT DIVISION, BAKER DENTAL DIVISION, BAKER 


IVISION, 


N, CH 


WRITE FOR LITERATURE 
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JOHANNES 


precious metal 
contacts for 
high-reliability 


For high-reliability and long operating life, pre- 
cious metal contacts in pure or alloyed forms of 
silver, platinum, palladium and gold are very 
definitely indicated. These contacts provide un- 
matched high resistance to atmospheric corro- 
sion, deformation, arc erosion, binding and metal 
transfer. Baker precious metal contacts are sup- 
plied as wire, rod, sheet and in a complete line 
of fabricated forms. Facilities are also available 
for manufacture to your specifications. Write for 
Baker Contact catalog. 


BAKER CONTACT DIVISION * 207 GRANT AVE., E. NEWARK 
HARRISON P.O.,N. J. 
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fete] ay lous 
‘DIVISION 


SETTING D 
HANOVIA LIQUID GOLD 
SEARCH AND DEVELOPMENT DIVISION, 
QUEBE LTD. MONTREAL ENGEL 
AD SURAMERICANA DE ME ES PRECIOSOS §S 

ASSOCIATED COMPANIES: acme TIMBER 
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for low cost 
purification and drying 
of hydrogen and 

other gases 


The Deoxo Catalytic Purifier is combined with 
an extremely efficient automatically operated 
drying unit to provide oxygen-free hydrogen 
that is ideally pure and dry. The combined units 
are identified as the Deoxo Dual Puridryer. It 
supplies hydrogen with less than one part oxy- 
gen per million — dried to a dew point of 
—100°F. No inert gas purging is needed. The 
Deoxo Dual Puridryer can also be used with 
other gases such as: Nitrogen, Argon, Helium 
and saturated hydrocarbons, with equally fine 
performance. Write for descriptive literature. 


CHEMICAL DIVISION * 113 ASTOR STREET 
NEWARK, N. J. 
Circle 477 on page 17 


CHEMICAL 


DIVISION 
(ENGELYA 
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ARL 


ASTOR STREET 


platinum clad 

sheet, tubing and wire 

for low cost 
corrosion-resistant equipment 


Platinum clad sheet tubing and wire make it pos- 
sible to incorporate all the important corrosion 
resistant qualities of the noble metals in equip- 
ment, at minimum cost. Platinum clad is pure plat- 
inum or an alloy of platinum so securely bonded 
to a base metal body that the composite metal 
can be fabricated. The gauge of the platinum 
metal can be specified to requirements. The pro- 
cess guarantees continuous pin-hole-free plati- 
num cladding to withstand high temperatures 
without oxidation. 


BAKER PLATINUM DIVISION * 113 ASTOR STREET 


NEWARK, N. J. 
Circle 478 on page 17 
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because we can’t buy them 


.. IT’S AS SIMPLE We had to build Gold-N-Ring Control Switches to meet our own 
high reliability specifications . . . our reputation was a part of 
AS THAT...AND this important fact. We’re machine tool builders. We can’t 
THEY COST NO afford to be responsible for costly down-time on important 
capital investment equipment due to inferior control switches. 
MORE THAN That’s why we build them like precise machine tools . . . and 
OTHER SWITCHES why it will pay you to check with us. 

A wide range of basic units meets practically every need... 
as well as completely assembled stations in 1 to 4 button sizes 
to meet your electrical specifications. Ask our representative to 
call, or send for Bulletin ECS-56 . . . the complete selection 
and ordering guide. 


ELECTRICAL MANUFACTURING DIVISION 


LIMIT SWITCHES. SOLENOIDS. A full 


A full line, originally de- line of standard and custom 
signed for machine tool units for AC or DC. Push THE NATIONAL 
applications but now used or pull types with capaci- 


wherever the highest reli- ties up to 25 lbs. Bulletin EE EAST 
ability factors are required. EM-52A. 176 E. 131ist STREET 
Bulletin EM-51. 

CLEVELAND 8, OHIO 
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The complete line ol new 
transformers, ranging in size 


from 3 to 167 KVA, in both 
Conventional and CSP 


types, are now available. 


Natvar Products 


Varnished cambric—cloth and tape 
Varnished canvas and duck 
Varnished silk and special rayon 
Varnished—Silicone coated Fiberglas 
Varnished papers—rope and kraft 
Slot cell combinations, Aboglas * 
Isoglas” sheet and tape 


Isolastane” sheet, tape, tubing 
and sleeving 

Vinyl coated—varnished tubing 
and sleeving 

Extruded vinyl tubing and tape 
Styroflex® flexible polystyrene tape 


Extruded identification markers 


We will be very happy 
to supply information on any 
of our products on request. 
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MOLONEY 
ELECTRIC’S 


new distributior 
transformers have 
leads insulated 
and protected with 


NATVAR 400 


Moloney Electric Company, St. Louis, rec ently redesigned 
their entire line of distribution transformers. The paramount 
c hange was the development of an entirely new Moloney Core. 


The new core affords lower ex¢ iting current. 


The coils have lower losses; and lower impedance which means 
a lower internal voltage drop at all loads, therefore during peak 
load periods, the new distribution transformers can carry 
higher overloads for the same permissible regulation; also, 


improved voltage regulation at the load. 


Liberal use of insulating materials throughout the coils, with 
extra insulation on the turns at the line ends of the coils, enable 


them to withstand lightning surges. 


Natvar 400 Extruded Vinyl Tubing is used to insulate and 
protect leads, because it retains its original properties when 
subjected to both heat and oil. It is approved for continuous 
operating temperatures of 105°C, and immersion in oil has no 
adverse effect on its Nexibility, its mechanical, or its dielectric 


strength. 


Natvar 400 and other Natvar flexible electrical insulating 
materials are uniformly good. They are available either from 
your wholesalers’ stocks or direct from our own. 


NATVAR <o#roesroutm 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
TELEPHONE CABLE ADDRESS 
FULTON 8-8800 NATVAR: RAHWAY, N. J. 


207 RANDOLPH AVENUE © WOODBRIDGE, NEW JERSEY 
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EASY T0 
HOOK UP 


This enlarged wiring compartment saves 
hook-up time on the assembly line 
Wiring compartments on G-E motors 
are now roomier and easier to work 
with. An enlarged opening allows 
greater accessibility. A narrower ter- 
minal board makes 
it easy to bring in 
leads from conduit. 
There are no extra 
studs on the board 
to result in “hook- 
up confusion.”’ Eas- 
ler, more accurate 
wiring results. How 
much can this extra 

value save you? 


GENERAL @@ ELECTRIC 


6 Reasons why 


FAST CONDUIT 
CONNECTION | CONNECTION 


Special speed nut permits conduit connection 
from outside; cuts connection time 50% 
Conduit connection is greatly simpli- 
fied by single-thread speed nut welded 
inside the motor shell. This feature 
permits connection of conduit from 
outside the motor 
in half the time 
normally required 
with conventional 
lock nut. No waste 
of time fumbling 
with a loose nut, no 
possibility of drop- 
ping it in the motor 
or on the floor. It’s 
a real time saver! 


GENERAL @@ ELECTRIC 


FAST LEAB 


Now plug-in connectors on all terminals 
cut wiring time in half 

For the first time on all single-phase 

Form G motors, General Electric 

offers time-saving quick connectors 

on all external and internal contacts.* 
Wiring time is cut 
in half. (Studs have 
been retained for 
conventional wir- 
ing.) Simply plug in 
the leads. Fast, posi- 
tive connections are 
assured. Try it your- 
self. You'll like this 
new General Elec- 
tric extra value. 


* Explosion-proof and a few special motors excepted. 
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JUST ASK YOUR GENERAL ELECTRIC SALES ENGINEER 
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General 


LUBRICATION 
AFTER 3 YRS. NORMAL OR 
1 YR HEAVY DUTY SER 
VICE ADD OIL ANNUALLY 
NO REOILING REQUIRED 
ON LIGHT DUTY APPLI 

CATIONS WITH TOTAL 
OPERATING TIME UN 
DER 25,000 HRS. USE 
ELECTRIC MOTOR OR 
SAE 10 OIL 
DO NOT OVER OIL 


TO DISASSEMBLE 
MOTOR REMOVE BEARING 
END CAP ON TERMINAL 
END. THEN REMOVE 
SHAFT CLIP BY RE 
LEASING TAB. 


FT WAYNE. INDIANA 
MADE IN USA 
we ? 


EASY-T0-READ 
NAMEPLATES 


New permanent instructions and data 
simplify installation and servicing 
Operating data on Form G motors is 
both legible and permanent to help 
you select, install and service without 
guesswork. The nameplate is engraved, 
then paint-filled for 
extra readability. 
Oiling instructions 
are lithographed on 
the terminal box 
cover plate. Lets 
your customers 
know exactly how 
little maintenance is 
required. See this 

extra value! 
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SAFE, SIMPLE 
GROUND 


Built-in grounding lug permits fast, easy 
grounding to meet UL standards 
Now on Form G motors you get a 
built-in grounding lug that meets UL 
standards for grounded third lead 
when required. With a self-forming 
screw you can make 
ground connections 
quickly, easily and 
inexpensively. This 
feature assures safe, 
permanent grounds. 
There’s no chance of 
disconnection dur- 
ing maintenance. 
Ask for details on 

this extra value. 
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ABOUT THE NEW FORM G “EXTRA 
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Electric Form G motors... 


COMPACT, 
IGHTWEIGHT 


Small, light Form Gs easy to assemble; 
cut handling and shipping costs 
Up to 50 per cent lighter, 40 per cent 
smaller than old-style designs, General 
Electric Form Gs are easier to handle, 
faster to install. Compact motor re- 
quires less mounting 
space and material; 
cuts down “assem 
bly-line fatigue”’ 
caused by heavier 
motors; reduces 
stock space and 
shipping costs. You 
can’t help but save 
with compact, light- 
weight Form Gs! 


2-90 
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First family of power triodes made specifically for series regulation! 


a 


—_ 


998 TUNG:SOL 
CHATHAM ; ss CHATHAM 


MADE iN U.S.A. 


Tung-Sol/Chatham power triode family 
covers every series regulator need! 


Now designers can specify a premium quality Tung-Sol 
Chatham tube for all series regulator sockets. Tung- 
Sol/Chatham’s family of power triodes the first 


heater versions available on most types. All embody 
sturdy construction features that contribute to overall 
ruggedness and long hours of heavy-duty operation. 
designed and produced specially for series regulaton Compare the ratings below against your particular 
service meets all design requirements and assures application! If you desire complete data sheets 
maximum reliability and life at all times. or you have a specific design problem, contact us 
Types include the new 100 Watters, 7241 and 7242. today! We'll be glad to give whatever assistance we 
medium mu or low mu-high current. 12 or 26 Volt can, Just write: Tung-Sol Electric Inc., Newark 4, N. Jus 
in De Commercial Engineering Offices: Bloomfield and Liv- 
TYPICAL VALUES eed ingston, N. aS Culver City, Calif., Melrose Park, Ill. 
j Total Piatel Range of Tube} Minimum Grid Voltage 
| Current Voltage Drop | Tube Drop | Swing 


| pee8 200 ma |} 80 v 45 v 20 v 
| to 65 70 10 y = 
| BR c00 80 70 13 _ 


; 


“-*e 


PERTINENT CHARACTERISTICS PER TUBE TUBE TYPES BY PLATE DISSIPATION RATINGS 


Max. Plate Max. Plate Total Plate 


Current | Voltage MU Gm Ment 26 to 30 W 60 W 100 W 


275 5.5 28,000 umhos 6AS7G, 6082 


la 280 _ | 6336A 7241 
exe | ES Wee | 9.0 | __74,000 umhos__ |_6080WA, 7105 oh 
—900 | 400 | 90 | 11,000 umhos_ | 6998 6528 7242 
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New CUTLER-HAMMER Synchronous Timers 





Set the Pace in Industrial Control Timer 





Design and Performance 





All three timers are dimensionally identical and 
feature an exclusive combined terminal board and 
mounting base. This unique design provides more 
working-room during installation and on-the-job 
interchangeability of the timing units without dis- 
turbing the mounting base or wiring. 

The timer dial reads directly in seconds and one 
glance shows the exact time delay setting. These 
timers are simple to set too. Just rotate the bronze 
pointer to the dial position indicating the precise 
elapsed time desired and the job is done. . . no 
approximations or tedious readjustments necessary. 

The sweep-second pointer counts off the seconds 
during each timing cycle. Automatic reset returns 
the pointer to the start position after each cycle or 
if a power interruption occurs while in operation 
. . . no undertimed cycles possible. 

These synchronous motor driven timers work 
better and last longer too. Dust, dirt, and atmos- 
pheric conditions can’t interfere with the timing 
mechanism. For further information, write today 
for Bulletin 10336 C-231. CUTLER-HAMMER Inc., 
Milwaukee 1, Wisconsin. 


TO Set 
OEPRESS 
BRONZE POINTER 


One minute timer: Adjustable in one second increments, 0 to 60 seconds 
Three minute timer: Adjustable in three second increments, 0 to 180 seconds 


Five minute timer: Adjustable in five second intervals, 0 to 300 seconds 


The timing unit is removed from the mounting base during in 
stallation Unique spring contacts mate with terminal strips... 
no inter-wiring necessary. The one, three, and five minute time 
ing units are all the same size and easily interchangeable 
without disturbing mounting base or wiring 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Lab 


ltd ( 


Associates: Canadian Cutler-Hammer 
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Vertical Hollow Shaft Motors ’ 
1 to 700 hp 
Heavy, solid cast iron 
frames that can’t dent or 
rust through. Also, sealed 
bearing chamber .. . 
metered oil flow . . . dual 
ventilation. Available in 
weather-protected, 
TEFC and explosion- 
proof models. 


Jet Pump Motors 3 to 3 hp 

. Exclusive totally-enclosed 
end-mounted starting switch— 
sealed from dust and dirt. 
Controlled ventilation for 
uniform cooling of windings 
and rotating parts. Dust- 
carrying air is directed away 
from bearings for longer life. 


Horizontal Fractional Motors '/3 to 1 hp > 
Single or polyphase, rigid or resilient base in 
your choice of voltages with more than 2000 ‘‘standard” 
fractional variations. A. O. Smith offers the largest 
selection of electrical and mechanical modifications in 
the industry. All models feature permanently 
lubricated shielded ball bearings for longer life. 


é Close-Coupled pump and ‘‘C”’ Face Motors 
V3 to 150 hp 
Slash installation costs and time. 
Flange bolts directly to pump casing. 
Pump impeller mounts directly 
on shaft. On all close-coupled and 
“C” face pump motors, extra care is 
taken on all machine tolerances to 
assure alignment of pump impellers. 
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Vertical Solid Shaft Motors '/3 to 800 hp 
Feature the same heavy, trouble-free 
construction as A. O. Smith Vertical 
Hollow Shaft Motors... excess thrust 
capacity ... grease-lubricated shielded 
bearings for added service life. 


an. 

Horizontal Integral Motors 

1 to 800 hp 

Single or polyphase... with 
every variation. Open weather- 
proof, TEFC or explosion-proof; 
all voltages, any insulation 
required. These motors feature 
a unique lubrication system 
with bearings that can't 

be overgreased, 
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plication 


domestic 
industrial 
agricultural 


WIDE CHOICE ASSURES 
PROPER SELECTION 


Dependability, rugged construction and 


design that provides the extra stamina to 
walk through motor-killing loads are 
three good reasons why it pays to specify 
A. O. Smith pump motors ~ 


14 to 800 hp. 
But more, range of HP 
in every type plus an exceptional range of 


you get a wide 


electrical and mechanical modifications. 
Result — A. O. Smith pump motors can be 
matched exactly to the job at hand 


For complete details, see 
your A. O. Smith motor man 


or write direct. 


huh 
Through research Ls .a better way 


AO.Smith 


one - Oe ey 


ELECTRIC aorens 
Tipp City, Ohio 





THE MODERN TOOL...AT WORK FOR MODERN INDUSTRY 


For all the 
advantages” of 
plastic electrical tape— 


i—economy of 
cloth tape... 


If you have an insulating problem, your Polyken 
representative can probably solve it. He carries a 
line of electrical tapes with a multitude of uses, 
and he knows how they should be used. 
Look in the Yellow Pages of the phone book for 
the Polyken Industrial Tape Distributor nearest ‘ 
you. Or write to the Polyken Sales Division, 309 wis 5 | 


W. Jackson Blvd., Chicago 6, Illinois. 
ELECTRICAL TAPES 
* Advantages of Polyken polyethylene and vinyl! tapes: 
Time-saving - Neater splice THE KE Mm DALL COMPANY 


Conformable - Less bulky a ee 
Hioh dielectric strength - Waterproof Po | y ken Ss al es D Ivision 
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FOR OVER 44 YEARS 


The AUTOMOTIVE INDUSTRY has 
depended upon the RELIABILITY of 


FANSTEEL “ 
ELECTRICAL < 
CONTACTS$S “em, 


When electrical contacts fail, motors fail. That’s 
why the automotive engineer considers contacts 
far more than mere hardware. And that’s why, 


too, he has relied upon the dependability of 


Fansteel electrical contacts since 1914. 
Fansteel metallurgists and engineers have 


worked hand-in-hand with the design engineer 


in developing contacts of the right material and 
proper design at the lowest possible cost for 
automobiles from the early runabouts down to 
today’s powerful sport cars. Whether it’s for di- 
recuional signals, horns or one of the other many 
automotive applications, Fansteel contacts 
keep them working longer at peak efficiency. 


HOW TO PUT FANSTEEL’S EXPERIENCE TO WORK FOR YOU 


Whether you manufacture automobiles or not, 
this kind of experience can save you time, money 
while helping you develop the best contact for 
the job.... If you are now in the development 


stage on new models or new products, now is 
the time to call on Fansteel engineers and 
metallurgists. By starting early, we can help 
you get better contacts at lowest over-all costs. 


Call Us In On the Job You’re Working On Now 
FANSTEEL METALLURGICAL CORPORATION, NORTH CHICAGO, ILLINOIS, U.S.A. 
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Design better products with 


GILASTIC insulation 


| SILICONE RUBBER | 
...seals against moisture 


The main insulation of this 450 hp, 1200 : ‘ - ° 
rpm “Silco-Flex” motor, built by Allis- In motors or other electrical equipment, insulation of 


Chalmers, consists of Silastic. This insulation Silastic®, the Dow Corning silicone rubber, will give your 
system is not affected by extremes of heat ; : ae as te : . 
or cold, is water repellent, resists the entrance designs maximum reliability. Silastic retains excellent 
of moisture and is unaffected by many electrical and physical properties from —90 to 250 C, resists 
chemical compounds and vapors = 4 sae . 
arcing, ozone, corona. It forms a resilient waterproof jacket 
that is unaffected by most corrosive atmospheres. Tapes and 
TYPICAL PROPERTIES OF SILASTIC lead wire made with Silastic are widely used in equipment 
—— — — = ish ambi _ . , les » 
+ Temperature range, °C __ —90 to 250C designed for high am rients and tough duty. W rite for free 
© Tensile strength, psi 600 to 1500 booklet and list of suppliers offering insulating materials 
Elongation, % 150 to 450 made from Silastic. 


Insulation resistance ‘ : ops 
megohms /1000 ft 1000 to 3000 If you consider ALL the properties of a silicone rubber, 
+ Dielectric strength, volts /mil 300 to 500 you'll specify SILASTIC, 
« Dielectric constant, 10? 


cycles per second, nominal 
first in 





PT ii tetelal-t-] 
Dow Corning CORPORATION 
MIDLAND, MICHIGAN 
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Dow Corning Silicone Dielectrics 


@LICONE-GLASS LAMINATES 
IMPROVE DESIGN AND PERFORMANCE 


Glass cloth bonded with Dow Corning silicone 
resin forms strong, lightweight laminates 
that retain excellent physical and dielectric 
properties at 250 C. Silicone-glass laminates 
have high arc resistance, low loss factor, low 
moisture absorption. They are machinable 
and easy to fabricate. Available from lead- 
ing laminators. 


aE Specified for 180C and 220C insu- 

@p7” SILICONE 4 ; lation systems, Dow Corning 997 
¥ > zu t Varnish has over 50 times the 

VARNISH i “ee r dielectric life of the best Class B 


RESISTS a | - Le varnishes. Used for bonding and 


ip. sealing entire assemblies or sep- 
HIGH ot ine. ft"): arate units, silicone varnish 


: exhibits good resistance to mois- 
TEMPERATURES, : : ture, chemicals, corrosive atmos- 
HUMIDITY - mF pheres. Curing time, smoothness 


and abrasion resistance compare 
favorably with organic varnishes. 


@icone compounn Forms 
MOISTURE-PROOF DIELECTRIC SEAL 


Coated or packed around electrical connec- 
tions and similar components, Dow Corning 
3 Compound protects against moisture, 
corona, other hazards . . . eliminates flash- 
over, arcing and shorts caused by moisture 
leakage paths. It is effective from —75 to 
200 C. Nongumming, nonmelting and non- 
corrosive, 3 Compound easily adheres to most 
surfaces. Free sample available. 


For further information on these products write Dept. 4514 
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It's smaller. ..easy to mount. . 


This is not simply a rerated motor. The Century fuges and many other types of equipment. 
Electric short motor is a standard motor available Easy to mount: You can use this motor in place 
in ratings up to 15 hp, but . . . it has been redesigned of any end-mounted motor because it has a stand- 
to cut down length as much as four inches. It is ard flange. It can also be mounted horizontally, 
designed to save space and weight for application vertically or at any angle. Its small size means it 
on machine tools, roof ventilators, pumps, centri- can be mounted almost anywhere on equipment. 





lighter. . . The Century Electric short motor 


Variety of applications: The short motor gives 
dependable performance on applications requiring 
frequent start-stop operation. You can get it in 
totally enclosed or open frames. And it has the same 
quality features and high standards of all of Century 
Electric’s complete line—up to 400 hp. 


More than a motor: This motor is the result of 
a continuing search for ways to meet industry’s 
needs. Another reason why you get more than a 
motor from Century Electric. 

For more details contact your nearest Century 
Electric Sales Office or Authorized Distributor. 


CENTURY ELECTRIC ramen 


St. Louis 3, Missouri Offices and Stock Po Pr 
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, formed elements are designed to solve 
problems of 
e THERMAL DEFLECTION 
e ELECTRICAL RESISTANCE 
e CORROSION RESISTANCE 


Here’s why: 
General Plate can furnish Truflex metal parts 
; . 3 i \\ @ Truflex parts and sub- 
fabricated to your exacting specifications — or ' assemblies are engineered to 
“ ae : your specifications, 
can furnish Truflex to you as strip in coils or ‘ ready for installation. 
flat cut lengths in a wide range of widths and \ ; ; 
‘ Every piece — in lots of 10 
thicknesses. Ui or 10,000 — is a duplicate 
. ‘a! of the original . . . eliminatin 
Either way, you'll get all of the advantages \ rejects nes peo 4 
of General Plate’s Truflex — a clad metal com- \ assembly adjustments. 
prising two or more permanently bonded layers \ Production problems, special 
. : yi ‘ 2quipment, and prolonged 
having different coefficients of thermal expan- VaR pa nar Salk ain 
sion which will change its curvature when sub- Trufen _— pe See 
jected to temperature changes. 
a : if efer to make your 
Today, hundreds of manufacturers depend on oma naiee, Trufex 
. ata's <: : : Thermostat Metals are 
General Plate’s years of processing experience available in extra long coils 
for Truflex formed parts that control, compen- or flat strips manufactured 


act s ifications. 
sate and indicate temperature! ee ee eT 





Send us a drawing of 
vou glermostat metal ports 1 METALS & CONTROLS |/g] CORPORATION 


Truflex ergy oe “ General Plate Division 1902 Forest Street, Attleboro, Mass. 





FIELD OFFICES: NEW YORK, CHICAGO, DETROIT, INDIANAPOLIS, MILWAUKEE, PASADENA 
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HORIZONS... 













—let 
mLOLDlOIN 


Wolels 
closure 
problems 


..-in Mu Metal, Aluminum, Steel, Stainless 


Steel, Brass, Copper and Nickel-Silver 


There is no substitute for Hudson quality and 
service in the manufacture of instrument cases 
ranging from sub-miniature transistor closures to 
large transformer housings. Here, large scale, 
continuously modernized facilities are geared with 
the latest production techniques to meet your 
most rigorous requirements promptly, efficiently 


and economically. In addition Hudson offers over 





1500 standard items for use “as is” or with modi- 
fications. These, along with Hudson’s MIL-T line, 
offer speed of delivery and potential economies 
too important to overlook on any closure job. 
Why not investigate today —then do as most 
companies across the nation have done — make 
Hudson your first source of supply for quality 
closures and covers. Send drawings or “specs” for 
quotations on relay closures, transformer hous- 
ings, transistor and diode closures, instrument 
cases, sub-assemblies, metal stampings, etc. 


and DIE COMPANY - INC 
18-38 Malvern Street, Newark 5, New Jersey 
Telephone: MArket 4-1802 — Teletype: NK 1066 
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-USG BRUSHES contribute me 
to the reliability of ; 
heavy duty industrial tools 


For more than 65 years, Thor Power Tool Company has been designing and engineering 
tools for use in industries throughout the world. Today, Thor engineers are developing 
and perfecting tools to speed up industrial production; designing and building tools that 
are meeting every demand of modern industry. Because brushes are vital to the power, 
endurance and efficiency of Thor industrial tools, Thor specifies USG Motor Brushes. 


In hundreds of installations, in thousands of electrically powered units, United States 
Graphite Company (USG) brushes are giving excellent, maintenance-free service. 


Always specify USG brushes of carbon, carbon-graphite, electro- eraphice, graphite, 
metal graphite or silver-graphite for your fe 
rotating electrical equipment. A well-trained Saciiein salah Midneane Bb ahine 
staff of engineers is available to assist you in igined in Catalog B-56 and the 
the selection of the grade and type of USG __ysG grade list. Write for these 
brush best suited to your application. two catalogs today. 


Necessary information on USG 


B-267-1 


THE UNITED STATES GRAP HITE. COMPANY 


DIVISION THE WICKES CORPORATION, SAGINAW , MICHIGAN 
GRAPHITAR® carson-crapnite © GRAMIX® powoEReD METAL PARTS © MEXICAN” crapHite prooucts * USG” Brusnes 
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TEST vOUTace 


« ” * “ a 


AWG SIZES 


oe 


and specifications and things... 


Maybe you think that’s 


too deep for an average housewife like me. But 


- eee | mean, really ! 


let me ask you, who’s got the most to lose if 
magnet wire doesn’t have the proper dielectric 
strength? Yours truly, that’s who! Who suffers 
if the temperature and abrasion resistance isn’t 
up there? Who but us, with all our appliances? 


“T just wish we 


magnet wire that goes into the motors and coils 


housewives could pick the 


A girl has to think about Magnet Wire 


ee 


of every one of these things. | 
Because Td pick Roebling Magnet Wire. It 
way higher than the NEMA Specifi 
And if you think that’s not important to a girl 
Electrical Wire Division, John A. Roebling’s S« 
Corporation, Trenton 2, N. J. 


ROEBLING () 


Branch Offices in Principol Cities —. 
Subsidiary of The Colorado Fuel and Iron Corporation CFI 


alway Ss 


! 


mean, re lly! 














ror thermal PF 
protectors: 
integra 
ers. 


Motor 
has been an 
WASTE KING diSP°> 


t 
waste Kine Corpora 


1 featu 


jon 


Proof again that 


KLIXON 


ad 4 OB -5 ON RO), S— 


safeguard motors 
against burnouts 





“Tmperial Hush” food waste disposer, manufac- 
tured by Waste King Corporation, largest builder 
of domestic and commercial garbage disposers, 
takes the mess out of the kitchen and washes it 
down the drain. 

To assure dependable operation of its units and 
to safeguard the motors from burnout, Waste King 
uses motors equipped with KLIXON Inherent Over- 
heat Protectors in its disposers as well as in its 
dishwashers. 

The reason their experience proves that 
KLIXON Protectors can be depended upon to pro- 
duce maximum motor performance with minimum 
failures under abnormal operating conditions. 


METALS & CONTROLS 
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Should the motor become dangerously over- 
heated due to overloads, stalled rotor or other 
causes, the KLIXON Protector snaps the power off. 
The power remains off until the motor has cooled 
to a safe temperature and the reset button is 
manually pushed. 

You, too, can obtain maximum overload capacity 
in the motors that operate your equipment by 
specifying and using KLIXON Protectors. Their use 
will reduce maintenance costs, service calls, and 
repairs and replacements. The additional cost is 
low, pays for itself over and over by eliminating 
motor burnouts. For details write for Bulletin 
MOPR-1. 


CORPORATION 


Spencer Division 3602 Forest Street, Attleboro, Mass. 
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Keeping Things in Perspective 


\ FEW YEARS BACK the new word was “auto- 


mation”—currently translated as feedback 


control. Today we are in the space age with 


primary emphasis on astronomy, flight con- 
trol. inertial guidance, data processing and 
optimizing control systems using components 
and materials unheard of a decade ago. To 
tackle these new problems the design engineer 
has felt the need to obtain a better grasp of 
the fundamental nature of matter, particularly 
in the fields of 
magnetic materials and structural materials. 


semiconductors, dielectrics, 


eained in 
ELEC- 
started 


Much new knowledge has been 
the past decade on materials theory. 
rRICAL) MANUFACTURING has already 
a series of special basie science articles in 
that area. 

By contrast, it is revealing to note that 
the mathematical tools needed to tackle to- 
difficult 


lems have been lying around for almost 150 


day’s increasingly analytical prob- 
years. Fourier analysis, dealt with at length 


as an insert in this issue. is one of the 
oldest mathematical tools available to the de- 
breaking 


signal OI 


engineer for use where the 


type ot 


sign 
down of any electrical 
mechanical vibration is involved. Its origi- 
nator never dreamed that his analytical con- 
cept would some day be of use, for example, 


to feedback 


cerned with obtaining stability. 


control systems designers con- 


Jean Baptiste Joseph Fourier had what 


might be 


mathematics while he drew his pay as an 


viewed as a hobby interest in 
administrator (Prefect) of a French “Depart- 
known. to 


engineers for his work in heat 


ment” or province. He is best 
present-day 
area and 


MANUu- 


equation for heat con- 


transfer—a very active problem 
one to be covered soon in ELECTRICAI 
FACTURING, The basic 


duction was first presented by Fourier in 
1812 and is still the fundamental equation 
for all heat-conduction problems. It is known 
as Fourier’s Law. 

Fourier was led to undertake this analysis 
to enter a competition— which he won. One 
of the judges was the Marquis Pierre Simon 
LaPlace, a French mathematician and astron- 


omer. LaPlace’s own analytical work is well 


known today. There is not a recent text on 
servo system design that does not include a 
chapter on LaPlace transforms —an inversion 
of calculus into simpler algebraic form. We 


shall 


pages. 


supply such a chapter soon in these 


LaPlace’s system of direct and inverse 
calculus was developed in a paper on “Theorie 
in which he 


Analytique.” presented in 1779. 


also dealt with another problem of current 


the theory of probabilities. Among 
LaPlace is best 


work in celestial mechanics 


interest 
scientists, known for his 
later the prac- 
tical application of his analytical thinking. 
LaPlace was 


The period of Fourier and 


also that in which the basic science of elee- 
men whose 
familiar to all of us. Volta’s 
1800. Oersted 
established the relationship between electricity 


G20: 


tricity was being established by 
names are 


voltaic cell was developed in 


Ampere, the theory 
of “electrodynamics” in 1822. 


law was first stated in 1626 (and didn’t get 


and magnetism in 
Ohm's famous 
much attention until years later). Gauss made 
his major studies of terrestrial magnetism in 
1833 while Faraday was deep in his electro- 
magnetic inductor experiments which led to 
the invention of the electric motor much later. 

The electrical greats were primarily con- 
cerned with basic phenomena. It was not 
until around 1870 that Maxwell pinned down 
their theories with solid math. Fourier and 
LaPlace were interested in mathematics as a 
pure science. Practical applications of this 


basic science came only recently (just as did 


George Boole’s symbolic logic) to meet the 


need for engineering analysis of dynamic 
systems. Current applications are so new that 
these 


are not taught on an undergraduate level in 


“advanced” mathematical — tec hniques 
most engineering colleges. But they will be 
Veanwhile, ELECTRICAL MANUFACTUR- 


ING will try to fill in some of these gaps in 


SOOT, 


teaching. 


Editor 





New Developments in 
Magnetic Materials and Applications 


The design significance of research progress with magnetic materials 


during the past year as reported at the AIEE Conference on Mag- 


netism and Magnetic Materials. Practical developments from selected 


paperson... 


® computer elements 
® microwave components 


WILLIAM ARROTT, Associate Editor 


REFLECTING AN EVER-WIDENING INTEREST in magnetic 
materials and their applications, the fourth ATEE Con- 
ference on Magnetism and Magnetic Materials, held 
last November 17-20 in Philadelphia, set new records 
in attendance and participation: 1000 researchers, metal- 
lurgists and design engineers heard 146 papers authored 
by 210 individuals from 56 organizations in nine coun- 
tries—Canada, England, France, Germany, Israel, the 





An on-the-spot report of the 4th National Con- 
ference on Magnetism and Magnetic Materials, 
sponsored by the American Institute of Electrical 
Engineers in cooperation with the American Phy- 
sical Society, the Metallurgical Society of AIME, 
and the Office of Naval Research. Proceedings will 
be published as a special issue of the Journal of 
Applied Physics available only to conference reg- 
istrants. Other copies will be available from the 
McGraw-Hill Publishing Co., 330 West 42 St., New 
York 36, N. Y. at $10.00 a copy. 
Acknowledgment: The author wishes to thank 
J. A. Osborn, publications chairman, AIEE Sub- 
committee on Magnetics, for making available 
the original papers from which this report is 
drawn and for his many helpful suggestions. 
The author also wishes to thank the many authors 
too numerous to mention who contributed ad- 
ditional data, interpretations, and __ illustrative 
material. 











© permanent magnets 
© soft magnetic alloys 


Netherlands, Poland, U.S.A. and U.S.S.R. Notable among 
the foreign visitors were L. Neel of the Institute Fourier, 
Grenoble, France, whose early studies of magnetite led 
to today’s ferrites, E. P. Wohlfarth of Imperial College, 
London, whose theoretical calculations predicted the 
permanent magnet properties of fine iron particles, and 
S. V. Vonsozski of the U.S.S.R. Academy of Sciences. 
one of Russia’s leading theoreticians. 

Commercially significant developments reported in- 
clude a variety of computer and memory elements, sev- 
eral new microwave components, commercial availabili- 
ty of fine-iron-particle permanent magnets. Also broad- 
ened activity in developing (1) ferrites and garnets for 
solid-state (parametric) microwave amplifiers and (2) 
cube-textured silicon-iron alloys for electrical apparatus 
—-as more individual researchers and organizations 
attack the obstacles to practical realization of the major 
breakthroughs revealed at last year’s conference. On the 
following pages are summarized some of the aspects of 
these and other studies presented at the conference which 
are of significance to designers. Many of the develop- 
ments discussed are extensions of work summarized in 
previous conference reports in ELECTRICAL MANUFACTUR- 
ING: “Magnetic Materials Push Back Design ‘Stops’ ,” 
(1956 Conference), January 1957, p 62; “Design Ad- 
vances from Magnetism Research,” (1957 Conference) 
January 1958, p 86. 
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Computer Elements 


A TESTAMENT TO THE GROWING IMPORTANCE of magnetics in 
the field of digital computing and high-speed data proces- 
sing was the selection of a review paper on magnetic storage 
elements (comparing characteristics of the many promising 
systems proposed only in the past few years) to establish 
a basis of evaluation for the new ideas to emerge from 
this year’s conference. 

Memory Elements Compared. As the basis of comparison, 
D. H. Looney of Bel! Labs used the ferrite toroid 
the most extensively used storage element in today’s produc- 
tion computers. New candidates include ferrite materials 
as sheets and multi-aperture devices, and ferro-magnetic 
materials as wrapped wires on thin magnetic films. Primary 
characteristics are shown in Table I. 

With a ferrite toroid, “reading” and “writing” can be ac- 
complished with moderate currents by 


perhaps 


simple selection 
However, interrogation 
destroys the stored information. With an 80-mil OD and 
50-mil ID ferrite (Table I) a current of 0.8 amp is required 
to read the core in 1.0 psec and an inhibit current of 0.4 


systems in a few microseconds. 


amp to write a “zero.” Propagation time of 0.03 psec pet 
bit determines maximum sizes of memory for a particular 
operating speed. Although ferrite cores are economically 
manufactured and the material exhibits few aging effects. 
thermal sensitivity restricts the range of operating tempera- 
tures. 

sing ferrite in sheet form, Fig. 1. each of the many holes 


‘ 
, 
cs 


+> 


Fig. 1— Memory system 
constructed of 1-in. 
square ferrite sheets of 
256 holes each, similar to 
that under development 
for the RCA Bizmac com- 
puter. Characteristics in 
Table I. (Source: Bell 
Telephone Laboratories.) 


0.015 dia 


I 


Fig. 2—Dimensions of a ferrite multi-aperture device or fluxor 
Various winding arrangements make device function as a 
memory element (Figs. 6, 7) or a logic switching element. 
Characteristics in Table I. (Source: Bell Telephone Labora- 
tories.) 
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(256) performs as a ferrite toroid of reduced dimensions 
with correspondingly reduced electrical requirements, Small 
size (1/10 that of an equal-capacity core memory) and low 
material and fabricating costs are primary advantages. The 
production of one sheet is comparable to that of a single 
ferrite core; all bits can be tested automatically and many 
sheets wired simultaneously. 

Multi-aperture devices, such as the fluxor of Fig. 2, can 
be made to switch at very high speeds and operate over a 
wide temperature range. They can be wired as coincident 
or inhibited devices (or to perform multiple logic functions) 
and read out non-destructively. Size is comparable to a 
core memory but cost higher: individual wires must be put 
through each hole in an intricate pattern. 

The twistor memory, Fig. 3, promises fabricating econ 
omies as the storage element is wrapped around one of its 
conductors to form integral units that can be easi'y inserted 
into read-write solenoids. Large currents are required, but 
smaller voltages than other devices. Bit length (100 mils) 
is comparable to that of cores, but a 1 bit-long buffer zone 


Table i—Characteristics of Magnetic 
Storage Devices 


(Source: Bell Telephore Laboratories) 





Ferrite Ferromagnetic 


Property Toroid | Sheet Fluxor Wire Film 
Speed, usec* 0.1 
Current, amp 

Read 8 0.5 

Inhibit : 0.5 
Voltage, mv 

Drive 2000 

Output | 1000 10 
Propagation time, u ’ 0.03 0.06 
Temperature rang¢ S Ss L L 
Size . M L 
Cost I S s Ss 


*Arbitrar 


Fig. 3--Twistor memory. Basic element is formed by wrt ipping 
Permalloy tape around a copper conductor to provide a helical 
magnetic path (also obtainable by twisting a magnetic wire) 
In memory proper, bits are stored in l0-turn tape zones be 
neath |-turn solenoids which carry “read” and “write” currents. 
Copper conductors carry inhibit and sense currents. Character- 


istics in Table I. (Source: Bell Telephone Laboratories.) 





required between bits doubles effective bit size and propo 
gation time per bit. 

Thin films of Permalloy evaporated as circles onto glass 
substrate offer perhaps the highest switching speeds of any 
storage element. Economies of size and fabrication can be 
effected by etched wiring techniques to eliminate wires 
within the memory. (Several experimental thin-film memo 
ries will be discussed below. ) 

Magnetic Rods. A unique combination of twistor and thin- 
film techniques resulted in the NCR rod introduced by D. A. 
Meier of National Cash Register. 
NCR rod consists of nickel-iron electroplated on a silver- 


As shown in Fig. 4, the 


coated glass rod, around which several single-layer con 
centric solenoids can be wound in any of a number of mem- 


ory or multi-input-logic switching configurations 


Fig. | NCR rod of nickel-iron electroplated on silver-coated 
glass rod can be inserted into a matrix of concentric single- 
National Cash 


layer solenoids to form memory array. (Source: 


Register Co.) 


Fig. 5—Twistor shift register (4A) constructed of solenoids 
wound on a ceramic tube with magnetic wire stretched inside. 
In principal each magnetized zone can be considered a 
pivoted permanent magnet. (B) when all are aligned, reversing 
V in the middle is difficult. (C) But when half point 
one way and half another, N can be turned easily. Thus ())). 
a bit consisting of three zones, can be moved along by sequen- 
tial pulsing of five solenoid circuits, two of which are shown. 
(Source: Bell Telephone Laboratories. ) 
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\s a coincident memory element, half-select currents of 
200 ma will switch in 70 “sec with a peak output voltage 
of 500 my. As with the twistor, buffer zones are required; 
10 bits per inch can be stored on a 15-mil diam rod — more 
when rod diameter is reduced. An operating temperature 
100 to +200 C has been demonstrated. 

Nor element, using any of 30 separate in- 
hibiting winding configurations so far developed, the NCR 


rod will operate in the 2-5 megacycle range (limited pri- 


range trom 
As a logic 


marily by other components). Present 2-me elements use 
individual 10-turn windings with sine-wave clock currents 
of 400 ma peak and inhibit currents of 200 ma to develop 
300 my output. 

Twistor Shift Register. 
magnetized regions of a magnetic wire or twistor (similar 


to the memory element of Fig. 3), A. H. Bobeck and R. F. 
Fischer of Bell Labs have developed a 10-step five-advance 


Using the interactions between 


shift register constructed only of copper and magnetic wire, 
Fig. 5-A, and capable of bi-directional operation at bit rates 
up to several hundred ke. No diodes are used; instead, 
individual zones of the magnetic wire take on a diode 
junction. 

In the present design, a bit is moved along the wire in 
a block of three magnetized zones according to the model 
of Fig. 5D. 
netization of the first zone beyond the three-zone block and 


(Advance is accomplished by reversing the mag- 


resetting the last zone of the block. 
Each zone is surrounded by an eight-turn solenoid 75 mils 
Each sol- 


enoid is connected in one of five circuits which are pulsed 


long with a 75-mil buffer space between zones. 
in turn to complete advance sequence. Register can be 
reversed by reversing polarity and sequence of advance 
and reset pulses. Set current for insertion of “one’s” is 
220 ma: readout current is 170 ma; advance current for 
extending magnetized region is 140 ma and reset current 
for trailing zone is 240 ma. Present capacity is three bits 
per inch ultimate 10 bits per in. 

Ferrite for Multi-Aperture Cores. One of the road blocks 
to achieving full capability of multi-aperture cores has 
been a sufficiently high-speed switching ferrite material. 
The ferrite conventionally used for high-speed switching is 
a magnesium-manganese composition. A cadmium-manga- 
nese composition, however, according to B. R. Eichbaum of 
IBM. yields lower coercivity (as little as 1/10), requiring 
lower driving currents, and with switching time 1/5 that 
of the MgO « MnO ferrites. Pulse tests on new DM ma- 
terials show 0.1 psec switching time with a l-amp_ 50- 
psec rise-time drive pulse resulting in an “undisturbed 
one” output of 1000 my five times that of a stored “zero” 
output. 

The previously proposed coincident-current system for 
which the CdO*MnO ferrite was developed is shown in Fig. 
6. Although the fastest-switching of the new ferrites do not 
display the squareness of MgO*MnO ferrites, the use of 
bias permits wide variation in coercivity and rounded cor- 
ners on the loop (which for conventional core memories 
would result in haif-pulse switching). 

Inhibited-Flux Mode for Three-Hole Memory Core. Shorter 
read/write times and simpler wiring techniques are among 
A. Baldwin, Jr. and J. L. Rogers 


of Bell Labs of using the IBM multi-aperture core but 


the advantages cited by J. 


in an inhibited-flux mode of operation, using only a single 
This mode has 
no intrinsic speed limitations and functions despite wide 


wire through each hole as shown in Fig. 7. 


variation in coercivity of material. 

Cores were pressed to the dimension of Fig. 2 using a 
ferrite: 320 of these 
elements were wired as a memory array of 32 ten-bit words. 


manganese-magnesium square-loop 


Using 700 ma drive currents, “disturbed one” and “zero” 
outputs of 150 mv and 35 my. respectively. were obtained 


with average read and write times of 0.75 psec and 1.0 


usec, respectively, with current pulse rise-time of 0.16 
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Fig. 6—Conventional coincident-current ferrite toroid memories 
require square loops (A) to keep from switching on hallf-select 
pulse I,, and coercivity is critical. With bias and half-select 
pulses equal and opposite to bias (B) neither coercivity nor 
loop shape is critical. Thus new  fast-switching CdO*MnO 
ferrite DM-1 offers superior performance over conventional 
MgO*Mn0O ferrite 5-3 for particular core configuration of (C) 
where interaction of bias flux and read/write pulse fluxes de- 
termines output of sense winding. (Source: IBM Product De- 
velopment Laboratory.) 


psec. Large memory arrays can be constructed. using evap- 
orated or printed conductors, of many units in a single 
ferrite sheet or individual cores embedded in nonconduct- 
ing. non-magnetic material. 

Thin Film Memories. Three different data-biased non- 
destructive-readout (Dbndro) devices, each using a parallel 
pair of circular vacuum-deposited magnetic films as a mem- 
ory element, were described by L. J. Oakland of Remington 
Rand Univae and T. D. Rossing of St. Olaf College. In 
each system. one film stores the bit and the other facilitates 
Fig. 8. Char- 


acteristics are particularly suited to systems where read 


readout by coincident-current techniques. 


operations outnumbered write operations. 

A parallel but noninteracting film construction was also 
used for the 32 ten-bit word prototype memory reported 
under development for the TX-2 Raffel 
of MIT Lincoln Labs. Circular spots of Permalloy film 
1/16 in. diam, 600 A thick 
of 7-mil thick glass, each comprising a 16 x 16 spot array 
(six digits not used) spaced ten per inch. A 4x 4 portion 
is shown in Fig. 9. 


computer by J. I. 


were evaporated on two pieces 


Film uniformity has been and remains 
a primary problem: at present, 8x8 arrays of 1/16 in 
spots are possible. but present methods yield only mar 
ginal success with 16x 16 arrays. A read/write evcle time 
of 0.5 psec appears feasible and with increased amplifier 
bandwidth 0.2 psee cycles may be realized. Since all con- 
ductors are straight lines, the wiring matrix can be con- 
structed of No. 36 wire wound over and cemented to sheets 
of fiber glass or methyl-methacrylate. 

Fast Switching of Toroids. By developing a uniform ro 
tational flux reversal similar to that utilized in’ switching 
thin films. millimicrosecond switching of ferrite toroids may 
also be accomplished, is the thesis stated by E. M. Gyorgy 
and F. Hagedorn of Bell Labs. The flux configuration 
for fast reversal is helical with a small radial component 

an analog of the fast uniform rotational reversal made 
in thin films where the magnetization is undirectional in 
the film plane with a small normal component. as shown 
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Fig. 7—(A) Wiring of three-hole core of Fig. 2 for inhibited- 
flux mode of operation. (B)Remanent state of core after read 
current pulse. (C) Stored “one” state after write current pulse; 
flux in all four legs reverses. (D) Stored “zero” state after 
write current pulse applied simultaneously with inhibit current 
pulse; inhibit pulse prevents reversal of flux in legs I and I\ 
while permitting flux reversal in legs I] and IIL. (FE) Stored 
“disturbed one” 
is written in another bit of the same word; flux is reversed 

legs T and TIE but not IV. After a read pulse, flux returns from 
all states to that of (B) but flux in leg IV is reversed only 
when states (C) and (E) are read but not when state (D) is 
read. Thus output results only for stored “one” or “disturbed 


pulse after an inhibit pulse—as when a “zero” 


ones.” (Source: Bell Telephone Laboratories. ) 


Fig. 8 Three proposed data-biased nondestructive-readout thin- 
film memory elements, each consisting of two parallel films: 
1) Longitudinal Dbndro uses high-coercivity film for storage, 
low-coercivity film for readout; directions parallel. Storage film 
Hf. aligns readout film and resets it after each interrogation by 
an applied field sufficient to switch readout film without dis- 
turbing storage field. (B) Transverse Dbndro has film axes at 
cancels H, when “zero” 
Readout film is switeh- 
able only when transverse field is present; i.e. “one” 


right angles and transverse bias that 
is stored and doubles H, for a “one”, 
stored, 
Resetting is by a restore field after readout or steady bias. (C) 
Pransverse Dbndro without bias; pickup loop placed to detect 
only transverse flux changes. Flux reversal of readout film is 
clockwise or counterclockwise. depending on direction of H . 
resulting in opposite-polarity readout for “one” and “zero.” 


Steady restore field resets. (Source: Remington Rand Univae.) 
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Fig. 9—-(A) Two 4-word, 4bit sections of a 32 ten-bit word 
prototype thin-film memory. (B) Two-coordinate ferrite switch 
core circuit used to select desired word and supply transverse 
read/write pulses. (C) Sense and digit windings along 
direction of magnetization of film circles. “Zero” excitation of 
150 ma d-e flows continually in the digit winding. To write 
“one,” a 300 ma pulse along digit winding simultaneously 
with transverse pulse from switch core reverses film magnetiza- 


easy 


tion. Reading is by transverse pulse with “zero” excitation 
current on the digit winding. If “one” is stored, positive pulse 
occurs on sense winding as magnetization reverses to “zero” 
for 
magnetization 


direction: “zero” 


partial 


a smaller negative pulse results from 
rotation direction. 
Sense winding is crossed over in center to cancel coupling to 


digit winding. This causes bipolarity 


toward transverse 
difference 
amplifier but address can determine which side of amplifier 
is interrogated. Lincoln Laboratory, MIT.) 


signals at a 


(Source: 


in Fig. 10. 
parallel to the applied field, the flux configuration would 
helical.* 


In thin films the uniform rotational reversal mode is in- 


If a thin film were wrapped around an axis 
appear 


duced by applying a transverse magnetic field simultane- 
ously with the longitudinal field. The ferrite toroid analogy 
This 


embedding a loop of wire in the 


would be a circular field in addition to an axial field. 
was approximated by 
center of a ferrite toroid in addition to a conventional 
Although the authors had not found it feasible 


to apply simultaneous millimicrosecond rise-time pulses to 


winding. 


both windings, pre-pulsing the embedded loop to set the 
core flux in a circular configuration resulted in consider- 
ably faster switching to the opposite remanent state than 
from a normal remanent state for the same switching field 
(above a threshold of approximately 1 oersted) from the 
external winding, as shown in the curves. 

Tape-Wound Bobbin Cores. Although 1% to 14 mil thick 
nickel-iron tape cores are pretty much standard hardware 
for many*computing circuits over a million such cores is 
the estimated production to date wide variations in prop- 
have in the past caused 
designers some concern. According to M. F. 
and C. E. Ward of Armco Steel Research 
cial bobbin cores are now available with a wide range of 
thickness 


temperature chosen) and reasonably close tolerances. 


erties from core to core circuit 


Littmann 
Labs, commer- 


properties (according to tape and annealing 


In this country standard tape thicknesses are ¥, 44 and 


14 mil. For a given final anneal, both d-c coercive force 


and squareness ratio increase with decreasing thickness, 
while total flux decreases, as shown in Table Il. However, 
a 14-mil core, with its lower coercive force, can sometimes 
switch faster than a 1-mil core for magnetizing fields be- 
low 14 oersted. Increased annealing temperature lowers the 
coercive force for a given tape thickness. However, with 


increasing annealing temperatures, the switching coefficient 


*This helical aralogy of uniform rotation in thin films can perhaps be 


“Basic Physics of Magnetic 
Engineering article to appear in next 


though 
Materials,’ 


month's issue 


of as a magnetic curlirg mode; see 
special Basic Science and 


of Evecrricat MaNnuracturine 
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Fig. 10—Fast switching mode for ferrite toroids can be visual- 
ized as (A) uniform rotational flux reversal mode in a thin 
magnetic film wrapped (B) into a hollow cylinder with a 
helical flux configuration—achievable by embedding a loop of 
wire along toroidal axis to give circular twist to longitudinal 
field of conventional external winding. (C) Hypothesis was 
tested by pre-pulsing embedded loop to set core flux in circular 
pattern before switching and comparing switching time from 
circular state to opposite remanence (curve 1) with switching 
time remanent 2). 
Switching times for reversed flux to increase from 10 to 50 
per cent of total were measured, but 447, was plotted for 
comparison to normal 10 to 90 per cent measurements. Both 


from normal to opposite states (curve 


plots show two linear regions suggesting slower nonuniform 
rotation at lower fields and faster uniform (helical) rotation 
at higher fields. (Source: Bell Telephone Laboratories.) 


decreases to a minimum and then increases with higher 
temperatures, as in Table II] where an 870 C anneal ap- 
pears to yield the lowest switching coefficient. This repre- 
sents the temperature where grains extend through the 
sheet thickness but have not yet begun to grow laterally 
as they would with higher temperatures. The temperature 
for lowest S,, varies somewhat with the grain-growth char- 
By adjustment of anneal 


e 
acteristics of different melt heats. 
temperatures some, but not all, of the variations between 
melting heats can be eliminated. 


Table ll—Effect of Tape Thickness on 
4-79 Mo-Permalloy Cores 


Armco Research Laboratories) 





| D-C loops at H 0 25 oersted 
Thickness 


mils 
16} 0 92 


\4 0 93 
ly 0 94 


Switching coefficient 
B. B, H., oersteds S., oersted-sec 
0 068 
0 073 
0 080 


092 x10 
053 X10 
0 47 «K 10 


Table lll—Effect of Anneal Temperature on 
1 /8-Mil, 4-79 Mo-Permalloy Tape Cores 


Armco K 


(Source esearch Laboratories) 





Anneal 
temp, 


deg C 


D-C loops at H 0.25 oersted Pulse data 
Threshold Se, 
B H field, H oersted-se 
None 
540 
650 
760 
870 
9801 


89* 1. 40* 

972 0.434 0 85 

918 0 168 0.235 

916 0 134 0 165 0 450 

902 0 073 0.135 0.435 
0 892 0 059 0 075 0 515 


0 878 
0 480 
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Microwave Components 


THE INTERACTIONS OF ELECTROMAGNETIC WAVES with the mag- 
netic spins of ferri-magnetic materials (ferrites and gar- 
nets) tuned by d-c fields have in the past few years received 
a great deal of attention from both researchers and develop- 
ment engineers the former to increase their knowledge 
of magnetism, the latter to increase their control over the 
electromagnetic spectrum as a communications vehicle. 
Earlier conference reports have shown how two primary 
phenomena magnetic resonance and Faraday rotation — 
are now being used in actual microwave “plumbing.” This 
year’s conference was concerned with additional resonance 
effects desirable and undesirable — such as the con- 
version of incident microwave power on magnetized fer- 
rites into harmonic sidebands, and a variety of modes, 
not all of which can be easily coupled to. (The physics of 
these phenomena is a controversial subject, best studied from 
the original papers.) Also, a number of ferrite and gar- 
net material property studies were reported, too detailed 
to abstract here. The following discussion is limited to 
some of the more significant devices presented. 

Ferrite Parametric Amplifier. Steady gains of 20 db with 
0.5 me bandwidth as a regenerative amplifier, and gains of 
130 db with bandwidth greater than 1.5 mc as a super-regen- 
erative amplifier were claimed for a new “modified semi- 
static” ferrite amplifier described by W. L. Whirry and F. 
B. Wang of Hughes Aircraft Co. Operated as a reflection 
amplifier with circulator, the device utilizes a ferrite rod 
excited by a transverse circularly polarized 8640 mc pump 
field (TMizo mode) to amplify a 5930 me signal field 
applied along the ferrite axis (TEo11 mode) as shown in 
Fig. 11. The ferrite rod was tuned to the “idle” or differ- 
ence frequency of 2710 me in a resonant cavity with a d-c 
field of 810 oersteds to maximize the negative value of the 
dissipative part of the signal susceptibility, Xe”. 

In the cavity, the ferrite exhibits a negative Q, inversely 
proportional to X2”. A negative contribution to the overall 
cavity Q, implies amplification. As long as Q,p remains 
positive, the cavity acts as a regenerative amplifier; as Q, 
goes negative the super-regenerative 
(oscillatory). As Q, goes increasingly positive, steady-state 
gain becomes larger, bandwidth small and transient re- 
sponses low until, for infinite Q;, the amplifier response is 
a constant amplitude ringing at the difference between ap- 
plied signal and cavity resonance frequencies. As Q,7 goes 
increasingly growing oscillations occur with 
build-up time proportional to Q, until saturation takes 
place. If these oscillations are periodically excited and 
quenched by pulsing the pump power, the cavity acts as a 


amplifier becomes 


negative. 


super-regenerative amplifier. Pump power was applied by a 
pulsed magnetron with pulse lengths up to 2 psec and 0.2- 
psec rise time. 

Operating characteristics at room temperature show a 
zero damping point near Xo” 1.7 * 10° at a pump power 
of 2 kw peak; gains range from unity at 0.8 kw to 130 db 
at 8.0 kw pump power; with ferrite temperature near 120 F, 
unity gain at 400 watts pump power was obtained. At 3 
db net gain, with Q,, 12,000 and h, 20 oersteds, rise 
time to steady state regenerative output was 1 usec, band- 
width 0.4 me. With Q,, lowered to 2000, a similar rise time 
was obtained with 20 db gain, 0.54 me bandwidth, but h, 
of 60 oersteds was required. 

Operating super-regeneratively at 110 db, the bandwidth 
(which increases with A,) measured 1.5 mc. When input 
signal is removed with high super-regenerative gains, ther- 
mal-noise initiated oscillations are observed that build up to 
6 h, = 25 oersteds at 150 watts output power, above which 
oscillation amplitude is sharply limited except for a 10 to 
20 per cent initial overshoot. Oscillation level increases 


FEBRUARY 1959 


4 1, 


t ae H; of 5930mc 
eons 


Ferrite rod TT-4/4 
0.290 dia x 1.00 


rs 
re) 


in 





Hs (Hp = 43 0e 


Pm mee, 

i 

3} Homey 
shinne. ranthe’ 


2+ soruraric 


Amplifier gain, db 
2 usec pulse Qw=!2000 


Henk / 
ID 45 small) 


olames— | 1 
= P pois 


Fig. 11—-Disassembled experimental “modified semistatic” para- 
metric ferrite amplifier. Negative susceptibility and gain are 
plotted for both regenerative and super-regenerative operation 
at 5930 me signal and 8640 me pump frequencies. (Source: 
Hughes Aireraft Co.) 


with temperature. At 110 db signal gain, the conventional 
noise figure falls between 11 and 16 db. Changes in signal, 
idle frequencies and cavity design may result in lower noise 
figure and pump power requirement. 
Garnet Filters and Gyrators. Pass- 01 
tunable filters, compact circulators and isolators, power 


rejection - band 


limiters and lumped element devices such as_ solid-state 
TR cells for radar switching are among the host of devices 
that can be designed to utilize strong coupling of small 
low-loss garnets to electromagnetic circuits (as opposed to 
the weak coupling used in present ferrite isolators). R. 
W. De Grasse of Bell Labs discussed the performance of a 
filter-gyrator-limiter, Fig. 12, using a 0.017 in. diam yttrium- 
iron garnet (YIG) sphere to couple two strip-line resona 
tors at right angles. The garnet. tuned by a d-e field, acts 
as a parallel resonant circuit centered at 2650 me. Althouch 
the garnet has a line-width of only 1.4 me, with tight coup! 
ing and impedance matching the output circuit can extract 
energy from the garnet spin precession at a faster rate 
than energy is dissipated in the spin system; thus a 3-db 
bandwidth of 100 me, an insertion loss of 0.6 db, and a 
non-reciprocal phase shift of 90 deg can be achieved for 
the filter-gyrator configuration. Transmission band increases 
with coupling. When power input to the garnet exceeds a 
critical value (—26 db for this unit) the coupling mechan- 
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LOw-!loss 
yig sphere 


Fig. 12—Yttrium-iron garnet sphere used as pass-band filter, gyrator and 
power limiter for non-reciprocal coupling of two strip lines at 2650 me. (A) 
Sketch of assembly with cover removed. (B) Power breakdown character- 
istics. (C) Transient breakdowns for power inputs above breakdown point. 
(Source: Bell Telephone Laboratories.) 
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Fig. 13—Y circulator using magnetized ferrite to “direct traffic”; i. e.. power in at 
1 exits at 2; in at 2 out at 3, etc. (A) Experimental model using ferrite slabs at 
corners, found to be lossy. (B) Characteristics of more efficient “center post” model 
using ferrite wedge of wave guide height. (Source: U.S. Naval Research Laboratory.) 


Fig. 14—(A) Experimental setup using feedback loop tuned to second 
harmonic to enhance third-harmonic outpui of a magnetized ferrite 
half-disk. (B) Third-harmonic output with and without feedback vs + 
input fundamental power. (Source: Sylvania Microwave Physics i 
Laboratory.) 
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ism breaks down and output power is limited (see curves). 
After breakdown, excess input power is reflected back, 
thus preventing excessive heating of the garnet. Increasing 
input power by 11 and 21 db above breakdown raised power 
output by 1 and 3 db, respectively. Breakdown power level 
is raised by increasing filter bandwidth or increasing 
volume of the YIG resonator. 

Garnet size and shape, amount of coupling and direction, 
and magnitude of the d-c tuning field are among the pri- 
mary parameters from which a wide variety of similar de- 
vices can be synthesized. 

Ferrite Y Circulators. Even though a transversely mag- 
netized piece of ferrite is symmetrically located in a rec- 
tangular wave guide, the field distribution in the guide will 
be asymmetrical. By properly choosing the ferrite, its shape 
and location, it is possible to concentrate energy propagating 
in a given direction on one side of the waveguide. Revers- 
ing the magnetizing field or changing direction of wave 
propagation will concentrate the energy on the opposite 
side of the guide. This phenomenon has been utilized by 
H. N. Chait and T. R. Curry of the Naval Research Lab 
in the construction of a number of Y circulators (as shown 
in Fig. 13) for X-band frequencies, achieving an insertion 
loss less than 0.5 db and isolation and reflection greater 
than 20 db over a 500 me band at from 9200 to 9500 m« 
band. By connecting two circulators in series, with the Y 
junctions separated by one-half a wavelength, a 4-port 
circulator was produced with loss less than 0.75 db and 
reflections and isolations greater than 18 db from 9200 to 
9400 me. 
development. Almost any number of ports should be feasible. 


Currently a 90-deg 4-port circulator is under 
Also, the principle is expected to work successfully at 
higher and lower frequencies (S-band model now being 
built). Since this circulator requires no hybrids and low 
d-c fields, its size and weight should be less than that of 
conventional circulators. By reversing the magnetizing field, 
the device can also be utilized as a switch. 
Multiple Signal Conversion Process. By simultaneously 
generating a large-amplitude second harmonic and mixing 
it with the fundamental in a half disk of magnesium-man- 
ganese ferrite. E. N. Skomal and M. A. Medina of Sylvania 
Electric Microwave Physics Lab were able to enhance the 
third harmonic output by as much as 20 db. In the experi- 
mental setup of Fig. 14 an input frequency of 9100 m« 
produces a substantial output at 27,300 me. A ring reson 
ant circuit tuned to the second harmonic (loaded Q 
13,000 at 18.200 mc) feeds back to the ferrite which is 
tuned to 4300 oersteds to maximize third harmonic output 
(rather than 5300 oersteds required for resonance at 9100 
me). At each of the points shown in the curves the system 
was tuned to a maximum, both with and without the ring 
circuits. Saturation minimizes the effect of the ring circuit 


Permanent Magnets 


WitH THE COMMERCIAL AVAILABILITY of several fine-particle 


materials, easily molded or machined, the equipment de 
signer now has a larger choice of permanent-magnet ma- 
Announced were ESD-iron and 
iron-cobalt particle magnets in metallic, 


terials than ever before. 
organic or thermo 
setting plastic; also barium ferrite in various plastic resin 
binders. A practical production process was disclosed for 
manganese bismuth, and a slightly modified Alnico V was 
held suitable for 550 C operation. 

ESD - Particle Magnets. 


availability (at a limited initial rate) of permanent mag- 


The announcement of commercial 


nets compacted of ultrafine elongated-single-domain parti- 
cles of iron or iron-cobalt, by R. B. Falk, G. D. Hooper 
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Fig. 15—Attenuation as a function of length for rectangular 
ferrite slabs centered upright in rectangular wave guides. 
(Source: Bell Telephone Laboratories.) 

at high input powers differences ranged from 20 db at 
21 kw input to 1 db at 32 kw. Changing disk dimensions 
raised the difference to 5 db at 32 kw input to yield 126- 
watt peak output at 27,300 me. YIG disks, also tried, gave 
lower outputs, but geometry of disks used was not neces- 
sarily optimum. 

Power Limiting with Ferrites. Ferrites have been known 
to exhibit a sudden increase in attenuation of microwave 
above a critical power level with external magnetizing fields 
lower than required for resonance. This has been called 
subsidiary resonance. R. L. Martin of Bell Labs demon- 
strated that the amount of attenuation was a function of fer- 
Slabs of Mne*ZneMg ferrite 
(saturation magnetization 3030 oersteds, line width 200 
oersteds) 0.050 in. 


rite length along the guide. 


wide, 0.390 in. high and of varying 
lengths were placed upright and in the center of a small 
X-band wave guide and magnetized perpendicular to the 
broad face of the guide to the field required for subsidiary 
resonance. As shown in Fig. 15 for a 1 pulse per sec rate, 
the attenuation presented to 9360 me pulses above a critical 
power (ranging between 600 and 800 watts) varied linearly 
phase angle 
changed at most a few degrees with power. At pulse rates 


with input power and length (7.8 db per in.) ; 
of 10 per sec. 40 kw peak, heating effects were noted in all 
sizes. Shorter samples showed a decrease in attenuation and 
a change in phase angle: large samples showed little change 
in attenuation but phase angle did change, indicating that 
heating effects were concentrated in the leading edge. 
Chait confirmed that he and others had noted similar ef- 
fects for ferrite rods centered in circular wave guides. 


and R. J. Studders of GE Metallurgical Products Dept., 
climaxed a development program reported at the last three 
conferences. Magnets are formed by electrodepositing iron 
or iron-cobalt into mercury and concentrating the result- 
ant ESD particles to a thick slurry in a magnetic field, 
followed by vacuum distillation to remove all mercury 
traces. Particles are then embedded in a metallic or non- 
metallic matrix to prevent oxidation and retain orientation. 
Compacts can then be coined into a final magnet shape or, 
usually, ground to a fine powder and pressed into shape. 
If anisotropic (directional) properties are required, pow- 
ders are pressed in a magnetic field. 

Range of properties obtainable by commercial processes 
with varying proportions of metal matrix material with 
and without orientation is shown in Table IV. Maximum 
energy products (BH 


) obtained for production magnets 
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Table 1V—Typical Properties of ESD—Particle Magnets in Metallic Matrix 


Source: General Electric Metallurgical Products Dept.) 





ESD Iron 


Isotropic Anisotropic 
Packing* 
fraction He B, - He B 
20 980 2,400 
25 900 3,100 
30 810 3,900 
35 j 720 4 600 
40 600 5,400 
45 480 6,200 
50 340 6,800 


x 


1,070 2,800 
1,010 3,750 
910 5,000 
810 6,000 
670 7,000 
560 7,900 
460 8,900 


“WN 


re) 


{ 


f ESD-part ron or iron-cobalt 


are 2.15 million gauss-oersteds for iron and 3.5 for iron- 
cobalt. Higher values can be expected in time as energy 
products of 3.5 for iron and 5.0 for iron-cobalt have been 
realized in the lab. Theoretical limits are 39 and 50 mil- 
lion gauss-oersteds, respectively. As-pressed dimensional 
tolerance of + 0.001 in. parallel and + 0.003 in. perpendi- 
cular to pressing directions equal those reported earlier for 
lab samples. 

A basic criterion for permanent magnets in precision 
applications such as instruments and watt-hour meters 
(where parts are guaranteed for 30 years) is_ stability. 
Stability studies on ESD-iron particle magnets in both 
metallic and organic matrices, conducted by E. J. Yamartino, 
H. R. Broadley, Jr. and R. C. Lever of GE Instrument Dept., 
Alnico V magnets 
Magnets compacted of or- 
ganic drying oils showed saturation induction loss of 1 per 


show results comparable to those for 
under identical test conditions. 


cent and weight-volume increase of 2 per cent after one 
month at 100 C 
matrix magnets under same conditions showed insignificant 
variations after one month with gradual magnetic dimen- 


and 95 per cent relative humidity. Lead- 


sional changes of 0.5 per cent over a 2-year period. Tem- 
peratures of 200 and 250 C 
| per cent in metal-matrix magnets after one month, with 
250 C causing physical degradation after two months. 
Moldable ESD-Particle Magnets. A compact of ESD iron- 
cobalt particles and thermosetting plastic, aligned while the 
plastic is in liquid phase, then solidified and ground to a 


produce magnetic changes of 


30 mesh free-flowing powder, forms a light-weight, high- 
energy material easily molded to precise dimensions. Al- 
though this material has a lower energy product to specific 
gravity ratio than other permanent magnet materials (Table 
V), according to L. I. Mendelsohn and R. S. Norman of 
GE Instrument Dept., the ratio of B, to weight at the 
operating point on its demagnetization curve gives a more 
accurate picture of a material’s suitability for a particular 
For moving-magnet-instrument rotors (where 


em 


application. 
requirements of minimum rotor inertia and maximum flux 
linkage between rotor and fixed coil lead the designer to a 
short, cylindrical rotor magnetized across its diameter) the 
load line slope for optimum mechanical design is 3, as shown 
in Fig. 16, and favors the ESD compact. In addition to the 
highest B 6 ratio for this load line, the ESD compact 
has a lower temperature coefficient of remanence than its 
oxide-type competitors barium ferrite and Vectolite (0.008 
per cent/deg C against 0.19). Lengthy and expensive proc- 
essing procedures rule out Ticonal X for a high-produc- 
tion, low-cost process at its present stage of development. 

Ferrites in Plastic Resins. Shown for the first time, in the 


rem 


magnetics exhibit paralleling the conference, were produc- 
tion samples of Plastiform 1, a light-weight, easily machined 
material of anisotropic barium ferrite particles in various 
plastic resin binders (epoxy, polyethylene, styrene) and 
rubber. Typical properties are B, 2100 gauss, H, 1300 
oersteds, BH,,,,, 0.9 million gauss-oersteds, specific gravity 
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ESD Iron-Cobalt 


Anisotropic 


Isotropic 


H )maz B 


600 
350 
100 
850 
,620 
500 
350 


1,200 
1,140 
1,050 
970 
820 
680 
540 


NOUS wn 


eH versted ‘ lua nduction Br, gauss. Maximum available energy (BH) maz, million gauss-oersteds. 


Table V—Permanent Magnet Materials for 
Moving-Magnet Rotors 


(Source: General Electric Instrument Dept.) 





BH, 
B,, He, gauss- gm 
Material gauss | oersteds | oersteds| cu cm 


ESD Fe-Co, 5,300 | 900 


2.0 X 4.0 
plastic matrix 10° 


Directionalized , 840 2000 3.2 
barium ferrite 10° 


Ticonal X 000 1350 (11 X 10% 


Vectolite 800 1000 0.6 
10° 


Cobalt-platinum ,000 4000 ae 
106 


Alnico V 550 5 0 Xx 
10° 


*Calculated for load line 


3.7 gm/cu cm. According to the producers, Leyman Corp.. 
Magnetics Div., Cincinnati 38, Ohio, magnetic properties 
and specific gravity can be varied by type and amount of 
binder used. 

Manganese-Bismuth Process. Among the highest coercive 
force materials known is the compound manganese-bismuth. 
Although the Naval Ordnance Lab reported nearly five 
years ago laboratory samples of MnBi fine-particle com- 
pacts with H, of 3600 oersteds, B, of 4800 gauss and BH, 
of 5.3 million gauss-oersteds (and later demonstrated that 
encapsulation and magnetic circuit design to avoid flux 
concentrations prevented oxidation), commercial 
tion of Bismanol magnets has not followed. 

By “dissolving” manganese and bismuth in mercury (in 
a 1-1-2 ratio), heating at atmospheric pressure, and with 
the mercury subsequently vacuum distilled at a low tem- 
perature, A. Goldman and G. I. Post of Westinghouse Mag- 
netic Materials Development Lab were able to obtain a 
strongly magnetic residue of MnBi with magnetic moment 
at liquid nitrogen temperature as high as 70 emu per gm in 
a large-capacity metal system. Modifications, including 
amalgamation of the bismuth before adding manganese. 
grinding the Mn-Bi-Hg charge between heating and dis- 
tillation steps, and subsequent regrinding of the MnBi 
residue and annealing it at 400 C, produced a moment of 
83.0 emu per gm—comparable to the highest moment (84 
emu) yet recorded. 

Alnico at Elevated Temperatures. R. K. Tenzer of Indiana 
Steel Products Co. cited evidence that the previously re- 
ported temperature limit of 500 C* for Alnico V magnets 
can be safely extended to 550 C, provided remanence is al- 
lowed to vary within +5 per cent, if the normal magnet com- 


produc- 


*See ‘“‘Electronic Materials and Components for Extreme Environmental Problems,’ 
Exvecrricat Manuracturtnc, November 1958, p 111 
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Coba/t-platinum 








1000 500 


emagnetizing force -H, oersteds 


Fig. 16—Demagnetization curves for permanent magnet ma- 
terials of Table V and load line of optimum-shaped, moving- 
magnet instrument rotor. (Source: General Electric Instrument 
Dept.) 


position is modified by adding a fractional percentage of 
titanium. Magnets of high L/D ratio (operating close to B,) 
showed relatively little change in remanence (maximum of 
1.6 per cent) between 350 and 500 C. Shorter magnets in- 


Soft Magnetic Alloys 


SILICON-IRON ALLOYS both singly oriented and _ still-ex- 


perimental cube-textured materials—continue to receive a 
lion’s share of the research dollar from electrical equipment 
manufacturers. For military electronic equipment designers, 
however, the response of magnetic core materials to nuclear 
radiation, high temperature. shock and vibration is an im- 
mediate ‘concern. 

Cube-Textured Silicon Iron. At the 1957 conference both 
Westinghouse and General Electric presented preliminary 
data on cube-textured silicon-iron alloys (with easy direc- 
tions of magnetization both transverse and parallel to the 
rolling direction in the sheet, as contrasted with con- 
ventional singly-oriented materials having an easy axis in 
the rolling direction only) that promised no little design 
and operating economies for electrical apparatus. For com- 
petitive reasons, however, at this year’s conference both 
were noticeably silent about the current development status 
of the new alloys. Anywhere from 2 to 5 years before com- 
mercial availability are the unofficial predictions. U. S. Steel 
is also developing cube-textured alloys in the lab, but has 


made public no reports. The only significant new data pre- 


sented came from R. H. Pry of GE Research Labs showing 
energy loss and exciting field as a function of direction in 
the sheet, Fig. 18, for both cube-textured and single-oriented 
alloys. Exciting current and losses are lower in cube-textured 
materials for all directions in the strip plane except possibly 
in the rolling direction, thus giving further evidence that 
designers will not have to direct flux paths in the rolling 
direction with future designs. 

Magnetic Annealing. Meanwhile, considerable research is 
directed toward understanding further and improving 
Typical is 
strips cut 
parallel, transverse and at 55 deg to the rolling direction 
reported by H. C. Fiedler and R. H. Pry of GE Research. 


That annealing in a magnetic field enhances the magnetic 


singly-oriented commercial silicon-iron alloys. 
the study of magnetic annealing effects on 


properties of some materials is well known, but magnetic 
annealing has yet to be used commercially for silicon-iron 
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Fig. 17—Changes in remanence (Ba) of Alnico V_ magnets 
due to metallurgical processes (note different scales): (A) 
changes with increasing temperature after incomplete heat 
treatment, (B) changes with decreasing temperature after com- 
plete heat treatment. Magnets were remagnetized for each 
measurement. (Source: Indiana Steel Products Co.) 


completely heat treated for 550 C operation showed reman 
ence losses as high as 10 per cent at lower temperatures 
(Fig. 17), but these changes were reduced by extended heat 
treatment at 550 C. 


alloys. The present work indicates that core losses can be 
lowered and d-c properties improved not only in the rolling 
direction but even more significantly for strips cut along 
normally hard directions of magnetization, as shown in Table 
VI and Fig. 19. 

Nuclear Radiation Effects. Of torvidal core materials, fer- 
rites are the least affected by neutron irradiation, according 
to R. E. Alley, Jr. of Bell Labs. In-pile measurements of six 
different ferrite 
mental) showed core loss and permeability changes attri 


compositions (commercial and experi 
butable to gamma ray heating, but no permanent effects 
were noted after 12 days’ irradiation to an integrated fast 
flux of 16 * 10! neutrons/sq cm. The primary limiting 
factor for ferrites in applications subject to radiation ap 
pears to be high enough Curie temperature to withstand 
the heating. 

Metal alloys tested, however, all showed not only in-pil 
changes but also permanent damage—Supermendur and 
Deltamax the least of the five alloys irradiated. Supermendur 
(from 0.7 to 1.1) and slight 
rounding of the hysteresis loop with no recovery on_ pil 


showed a gradual increase in H 


shutdown; high flux density and B,/B,, were unchanged 
Deltamax had a gradual drop in permeability at H 1.2 
oersteds and gradual change in 60-cycle loop shape with no 
recovery on shutdown, squareness unchanged. Supermalloy 
evidenced the most damage; coercivity increased by a factor 
of five and permeability at H 0.6 oersted dropped to half 
Permalloy and 4-79 Mo-Perm 


alloy samples were less severely damaged than Supermalloy 


its initial value. “Square” 


but showed erratic sample-to-sample variations (possibly 


Radia 


tion damage in the tape cores was roughly linear with time, 


due to variations in composition or heat treatment). 


thus making it possible to design for specific exposure limits 

\ before-and-after radiation study by A. I. Schindler, 
E. 1. Salkovitz and G. S. Ansell of Naval Research Lab con 
firmed the relatively slight changes in Deltamax, Fig. 20, but 
for Allegheny 4750 showed that temperature during irradia 
tion had a pronounced effect. Changes were also noted in 
three ferrite materials irradiated to 10? neutrons/sq en 
as shown in Table VII. 

High-Temperature Effects. Both a-c and d-c properties o! 
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Table Vi—Energy Losses of Grain-Oriented 
Silicon Iron Before and After Magnetic Annealing 


Source: General Electric Research Laboratory) 





Watts per lb at 15,000 gauss 


Annealed with field 
f strip to Annealed with 
ion out field Across strip Parallel to strip 


0 63 0 68 0 62 
1 64 1.50 
1.47 1.50 1 34 


- 


” 


Table Vil—Nuclear Radiation Effects on Ferrites 


Source: L. 3S. Naval Research Laboratory) 





iation level 10'’ neutrons sq cm 


yeneral Per cent change 
, : Seramics Applied field 
Fig. 18--Comparison of (A) exciting field required and (B type Hynaz, oersteds Coercivity, JH Remanence, 
energy losses as a function of direction in the sheet for com- ; = 
“a ° . “¥- . “5° » T J 
mercial singly-oriented silicon iron vs cube-textured = silicon ; ; \ 17 
iron now under development. (Source: General Electric Re- : 25 +48 negl 


search Laboratory.) 


~ix representative commercial nickel-iron alloys from 60 magnetizations and lower high-field permeabilities with in- 
to +250 C were summarized by J. J. Clark and J. F. Fritz of creased temperature. but slightly higher low-field permeabil- 
Westinghouse Materials Engineering. While the d-c property ities and noticeably different) magnetization curves upon 
variations differed somewhat from alloy to alloy. with some cooling to 24 C., 
exhibiting thermal hysteresis. total a-c losses were found io Magnetostrictive Materials. The dynamic magnetostrictive 
decrease as temperatures increased (linearly so for 50-50 properties of a number of  stress-sensitive magnetic ma- 
alloys) as shown in lable \ Il. The direction ot tempera terials were reported by ce M. Davis. Jr. and 2 F. Ferebee 
ture change was found to have little effect on the a-c losses of the Naval Ordnance Lab. Parameters measured were: 
A similar study of other alloys by M. Pasnak and R. H electromechanical coupling coefficient A, Young’s modulus 
Lundsten of Naval Ordnance Lab showed a gradual shrink at constant flux £, in dynes per sq cm, dynamic magneto- 
ing of 60-cycle hysteresis loops as temperature was raised -trictive constant A in dynes per sq em per gauss. and re- 
from 24 to 500 C with a slight net decrease in B, and H versible permeability »,. Change in flux due to a change in 
when furnace-cooled back to 24 C. as shown for iape-wound stress at constant applied field (stress sensitivity) is pro- 
Orthonol cores in Fig. 21A. L-Silectron and Audio Trans portional to Aw, For a freely vibrating sample with 


former A laminations. Fig. 218. exhibited lower saturation 2 
so st nt stigat wer Permalloy, AEM 4750, 


Mo-Thermonol, 7-70 


Vill s b fleets of er ra per r general I y of this work see “Electronic 
ctr ental Problems,” Evectricat 
erature-effect data on these 


his CAL 














H ,oersteds H >r 1s H ,oersteds 


Fig D-( hysteresis loops of singly-oriented silicon iron strips eut across the sheet: (4) before magnetic annealing, (By 


after magnetic annealing across the strip, (C) after magnetic annealing along the strip. See Table VI. (Source: General Electric 


Research Laboratory.) 


Fig. 20 Nuclear radiation effects. (4) Deltamax before and after irradiation. (B) Allegheny 1750 before and after irradiation (1) 
at 180 C and (2) at 60 C. (Source: U.S. Naval Research Laboratory.) 
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Table Vili—Typical Core Loss Values vs Temperature for Nickel-lron Alloys 


Materials Engineeri g D_ pt.) 


Westinghouse 


(Source 





Induction 
Group* Frequency, cps kilogauss 
60 6 
12 
50 50 alloys 6 
1 ? 


1000 6 
12 


068 
180 


II 6 


76 


99 


50 50 alloys 


49 
70 


“grain oriented” 1000 


0008 
0025 


III 


090 
296 


80 20 alloys 


30 
02 


1000 


Hy: 


*ormalloy, 


no losses or radiation, fraction of stored mechanical energy 


converted to magnetic Is equal to A? according to 


the 


energy 


relation: 


trom ) Mr ( or) ky ( 5] 


(Continued on page 


16?) 


e Tie ART 


A REPR 


No. 702 
rs. 








Core loss, watts Ib 
45 C 
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064 
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0008 
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0007 
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99 


+2 


0 
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0 
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030 
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32 

04 


20 
90 


0000 


0019 
070 
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21 


86 





+250 C 


0 028 
0 108 


0 29 
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00 
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050 
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34 
16 
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0005 
0017 


065 
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Table IX—Properties of Magnetostrictive Materials 











Source: U.S 


Naval Ordnance Laboratory) 





Nickel 
2V-Permendur 
95 Ni, 4 5 Co 
0.5 Mn 


Nickel-iron alloys 
35 0 Ni 
37.5 
40 
42 


Ni 
Ni 
Ni 


Alfenol (ordered 
11 


UsBounne 
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7 Al 
5 Al 
0 Al 
8 Al 
5 Al 
0 Al 


Co 

€ Oo 
0 00 
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Fig. 1—Construction of proximity limit switch shown dia- 
gramatically and pictorially. Coils 1 and 3 are energized by 
a-c supply and pick-up signal is taken from coil 2. 


The Proximity Limit Switch 


In the fast-operating industrial control 
system, a major function is performed by 
the sensing element which can detect the 
presence of an object without making 
mechanical contact. The proximity limit 
switch does just that, with accuracy and 


reliability. 


CHARLES F. MEYER 
Development Engineer 
Souare D Company 

Milwaukee, Wisconsin 





Fig. 2—-Vectorial representation of voltages in the three coils 
of a proximity limit switch. E; voltage induced in coil 2 by 
coil 1. Ex; = voltage induced in coil 2 by coil 3. Ez = resultant 
voltage in coil 2. 6 angle between E,; and Es adjusted by 
ampere-turns potentiometer. ¢ = phase shift of FE: due to 


presence of disturbance. 
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WITH INCREASING EMPHASIS on automatic control of ma- 
chines has come the need for new components to aid the 
design engineer in his search for a more reliable control 
system. One of these products is the proximity limit 
switch, a magnetic device which senses the presence of 
an object without mechanical contact. 

Control-system reliability has been the subject of sev- 
eral recent surveys conducted by large machine-tool users. 
Considering a complete “system” in terms of its three 
basic functioning elements (“input,” “logic” and “‘out- 
put”), the results of these studies have clearly emphasized 
the relatively greater magnitude of the problems involved 
with only one element—the input. It has been proven 
that coordinating (logic) devices such as relays have 
contributed a mere 10 per cent to system failures and 
down time. Needless to say. the past few years have seen 
tremendous advances in applying computer technology 
to the development of modular logic elements, which are 
overcoming the limited mechanical life and contact reli- 
ability problems of the control relay. Further. use of 
static control will continue to reduce the probability of 
failure in the coordinating portion of the system and 
place the burden of reliability directly on the sensing 
device. Many an otherwise well-designed system is thus 
severely limited in accuracy and reliability by the in- 
adequacy of the input function. 

Areas of Application. Until recently. most sens- 
ing requirements were approached as application prob- 
lems for conventional mechanical limit switches. photo- 
electric or x-ray detection equipment, or other specialized 
electromechanical transducers. Numerous input applica- 
tions of these devices are now being satisfactorily han- 
dled by the proximity limit switch, resulting in improve- 
ments in performance and construction. 

In general, the areas of application in which the prox- 
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Table of Characteristics of Two Types of Proximity Limit Switches 





« Characteristic 
Dimensions: diameter 
length 


Connecting Cable: length (standard) 
length (special) 
termination at panel 


termination at Mag-eye 


Sensitivity: trip on 4 x 4in. x 16-gage steel plate 
sensitivity adjustor 


Stability :' 


+10 per cent line voltage 
Warm-up of Mag-eye coils 
Ambient temperature coefficient (25-45 deg C) 


Temperature limits: ambient 


Mounting: side by side (minimum) 
Special Features: oil tight 
water tight 


Mag-eye type 





up to 100 ft 
9-pin connector 


screw terminals 


4.3 


set screw on Mag-eye 
Sensitivity setting 


Max. Min. 
+5 per cent + 2.5 per cent 
10 per cent +5 per cent 
1 per cent per deg C rise|-++ 14 per cent per deg C rise 


0to45C 


whe 
T 

4. 
T 


5 in. 
yes 
yes 


4-pin connector 


1% in. 
4 in. 


0.47 in. 
none ¥* 


|=} per cent 
+4 per cent 
14 per cent per deg C rise 


—30 to 45 C 
214 in. 


yes 
no 


'Trip-point variation in per cent of trip distance. 
*Distance between centers of adjacent Mag-eyes with pick-up surfaces in same plane. 


imity limit switch has offered advantages are as follows: 
1. Where frequency of operation requires operational 
life exceeding that of mechanical limit switches. 
Where the surface of a product or material may be 
marred by physical contact with conventional limit 
switches. 
Where the size, weight or irregularity of a part 
makes it difficult to sense by other means. 
Where speed of operation requires quicker response 
than is possible with conventional limit switches. 
Where differentiation between objects (with size 
or distance as the variable) is required. 
6. Where physical problems such as mounting, actua- 
tion, etc. of mechanical switches prove difficult. 
Design Requirements. Before the development of 
a proximity device suitable for the application described 
Fig. 3 
tron circuit 


above could be undertaken, it was necessary to define the Waveforms showing operation of phase-sensitive thyra- 
specific design objectives. These requirements, coupled 
with experience gained in the past in meeting the needs 
of industrial control users, dictated the following essen- 
tial characteristics for a well-designed proximity limit 
switch: 
|. Suflicient power-handling ability to operate a mag- 
netic amplifier, small solenoid or an industrial re- 
lay with a 10-amp minimum contact rating. 
Operation at power line frequencies. 
\ speed of response suitable for machine tool and 
conveyor applications. 
A sensing device with the following characteristics: 
a. No moving parts. 
b. Life independent of the number of operations. 
c. Capable of detecting all metallic objects—both 
ferrous and 
Suitable for operation in areas where oil-tight, 
water-tight or hazardous atmospheric conditions 


te 


non-ferrous. Relay output 


Fig. 4 


Two output circuits for possible use with proximity 


switch. 
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Fig. 5—Two sizes of proximity limit switches with control 


panel to accommodate either one. 


must be met. 

Able to withstand shock. vibration and ambient 
temperature suc h as are encountered in most 
industrial installations. 

Magnetically shielded to prevent unwanted dis 
turbances on other than the sensing surface. 
In Cases where switt h func tions are di ided between 
a control panel and a remotely mounted sensing 
element or transducer, the following should also 

apply: 

a. Length of connecting cable must not affect 
switch operation. 

b. All transducers must be interchangeable between 
control panels without special tune-up. 

{ maximum sensitivity of at least 15 in. together 

with a means of varying the sensitivity. 

Any magnetic field created by the transducer must 

not attract sufficient magnetic particles to cause 

erratic operation. 


Description of Proximity Switch. With these ce- 
sign requirements in mind, a proximity limit switch was 
developed which approaches very closely the original ob- 
jectives of the program. The description and application 
data herein presented will reveal a useful and versatile 
system component. 

The complete device consists of a control panel and a 
remotely mounted transducer. Division of the switch into 
two elements permitted a much smaller transducer than 
a single package design, assuming mounting space is 
more critical for the sensing element. The descriptive 
name “Mag-eye”* has been coined for the transducer. 

The sensing element consists of three solenoid coils 
wound on a common core. These are shown both dia- 
gramatically and pictorially in Fig. 1. The outside coils 


(1 and 3) are connected in series opposition and are 
energized from a 3-volt a-c source. The voltage induced 
in the center coil (2) is proportional to the resultant flux 
from the outer or 


energized coils. The undisturbed 


transducer signal is initially calibrated with 


the aid of two magnetic circuit variables: 


output 
a tuning slug 


“Indicates a device of Square D yrigin. 
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Fig. 6—Trip-reset characteristics of two types (V2 and V6) of 


proximity switches, 


and an ampere-turns adjuster. Referring to Fig. 2. the 


tuning slug determines the length of E,. while the balanc- 
ing potentiometer governs the angle of displacement (4) 


hetween the E, and E 


Mag-eye is completely impregnated and potted with epoxy 


voltages. Once calibrated. the 


resin, except for cable terminals. 

In order to actuate the transducer unit. magnetic ma- 
terial must be passed near its pick-up end. The remain- 
der of the coil assembly is completely surrounded with 
a magnetic jacket, which shields the coils from external 
interference on all surfaces except the pick-up end. Dis- 
turbance of coil 7 due to the presence of ferrous objects 
produces a phase change in the output signal. as shown 
in Fig. 2. After being amplified. the signal voltage is 
sent to a phase-shift detector which converts it from 
an analog to a digital state after a fixed increment of 
phase change has taken place. This digital signal has 
sufficient power to actuate a relay or static elements. 
Once triggered, the phase-sensitive control will remain 
in that state regardless of further increases in magnetic 
disturbance to any degree. Resetting will occur only after 
the magnetic object has moved sufficiently away from the 
initial trip point. 

Figure 3 shows phase-control operation of the thyra- 
trons in the control panel. In this case the thyratron is 
used as a phase-shift detector and the undisturbed grid 
signal is normally holding the thyratron in a non-con- 
ducting. state. The presence of magnetic material at the 
sensing end of the transducer causes the grid signal to 
lag, triggering the thyratron at the leading edge of its 
anode voltage. The thyratron then gives a full half-cycle 
of output. Figure 4 shows two possible ways in which the 
output of the phase detector can be used. At the left. a 
relay coil is connected in series with the thyratron. while 
at the right. a transformer is connected between the thyra- 
tron and a static switching element. 

\ second mode of operation is possible by special tun- 
ing of the transducer. allowing a leading phase shift to 
occur when the transducer is disturbed. In this case the 
thyratron is continuously conducting, thereby providing 
an output. When the disturbance occurs. the grid signal 
is phased ahead, cutting off the thyratron and effecting 
the control function. Fail-safe operation may thus be 
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V6 Mog-eye 
Sb 
eS 


V2 Mog -eye 


LLLK 


Fig. 7--Loci of minimum distance of edge of steel cylinder (1 
in. diam. x 1% in. long) from sensitive end of limit switch 


to cause operation of switch. 


achieved, depending upon specific applications, through 


proper selection of the operating mode. 


Operating Characteristics. | wo sizes of Mag-eyes 
are available, and both can be used with the same basic 
control panel shown in Fig. 5. The interconnecting cable 
contains four wires. two for energizing the magnetic 
field and two for the signal voltage. Construction of the 
units permits running the cable through conduit when 
necessary. A slotted mounting bracket is provided for 
fine positioning once installed. 

\ list of important characteristics of both limit switch 
types is compiled in the accompanying table. The 100-ft 
cable length can be further increased by raising the sup- 
ply voltage to compensate for cable voltage drop. 

More detailed data on sensitivity is available from 
Fig. 6. which plots trip and reset distances as a function 
of area of 16-gage steel plates. The sensitivity adjust- 
ment on the Type V2 is accessible from the rear of the 
unit. The choice of a 60-cycle system was dictated purely 
from a cost standpoint. as the Mag-eye is capable of 
operation at other frequencies. While standard devices 
are rather insensitive to nonferrous metals, in’ special 
cases proximity switches have been made which are 
responsive to these materials. 

Field experience with the V2 unit indicated a market 
for a transducer smaller in size. This was obtained at the 
sacrifice of sensitivity in the design of the V6. Sensitivity 
and stability are inverse functions. so that the smaller V6 
exhibits fewer variations in trip and reset distances than 
the more sensitive V2. It is worth noting. however. that 
at minimum sensitivity the Type V2 is 50 per cent more 
stable than at the maximum setting. 

All surfaces of the proximity limit switch, except the 
pick-up, are shielded, thereby 


phenolic magnetically 


focusing the area of sensitivity and preventing un- 
wanted disturbances due to adjacent materials. An indi- 
cation of the effect of the shield can be seen in Fig. es 
These curves represent the loci of trip points as the 
Similar 


curves will result with other configurations of disturb- 


steel cylinder approaches from various angles. 


ing objects. The effect of nearby a-c magnetic fields is 


the reason for the minimum value for side-by-side mount- 
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Fig. 8—Two proximity switches with control panel to ae- 
complish or logic function. 


ing distance of two units given in the table. There ts 


no interference from d-c magnetic fields. 

Although a slight magnetic pull exists due to the 
switch’s field. its ability 
can be made negligible by vertical mounting of the pick- 
up end. If this is not practical, some means must be pro- 


to atract chips and filings 


vided to prevent a buildup of magnetic objects. 
The control panel can be used with either V2 or VO 
Mag-eyes without any individual tune-up or special ad- 
justments. The tubes used are of the rugged industrial 
type with conservative ratings of 5000 hr of filament life. 
The panel is capable of delivering 7 watts to an external 
load: however, the standard unit is designed to operate 
a control relay. The relay contacts carry a 1O-amp (non- 
inductive), 600-volt rating with an average mechanical 
life of 20 million operations. Maximum speed of response 
is approximately 900 operations per minute with relay 
output and 1500 per min with static output circuit. 
When the part to be detected is extremely small or is 
traveling at high speeds, a variable “gate time” can 
he added to the relay circuit to insure an output of ade- 
quate duration to perform the desired function. 
Computer logic functions such as OR (parallel) or AND 
(series) can be accomplished with proximity limit 
switches and a single control panel and simple adapters. 
The or function requires a small accessory panel (Fig. 
6) into which two Mag-eyes can be plugged. Disturbance 
of either Mag-eye will operate the control panel. The anp 
(Fig. 9) 


permits 2-. 3- or 4-input AND operation. In the 3-input 


function requires a companion panel which 
AND circuit shown, disturbance of all three sensing ele 
ments is required for control-panel operation. Any un- 
used sockets must contain jumper plugs. The ON-OFF unit 
can be considered as a NOT input element. In this case. 
an output is present when the Mag-eye is undisturbed. 
and conversely. disturbance removes the output. 


Typical Applications. Several interesting examples 
point out the advantages of using logic input adapters to 
simplify sensing problems. An automatic shearing opera 
tion required exact positioning of the part before the 
machine sequence could be initiated. Two switches were 
strategically located to indicate correct placement. onls 
when both were disturbed simultaneously. A control panel 
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Fig. 9—Three switches and control panel to accomplish 3-input 
AND logic function. 
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Fig. 10—Block diagram of conveyor flow monitor using two 
proximity switches. 


with a 2-input AND adapter enabled combination of the 
signals to satisfy the input requirements. 

In another installation, it was desired to detect mag- 
netic objects on a conveyor belt. Too wide to be covered 
with a single proximity switch, the belt could be success- 
fully spanned with two units. The use of a 2-input OR 
adapter permitted the sensing of parts across the entire 
belt width with one control panel and two switches. 

A very recent application of proximity switches has 
heen to detect material jam-ups in high-speed can-convey- 
ing systems. The combination of two proximity switches, 
a time delay, and associated circuitry has resulted in a 
device capable of monitoring all possible can-flow condi- 
tions. A block diagram of the Conveyor Flow Monitor is 
shown in Fig. 10. The top channel indicates only the 
motion of the cans by differentiating the proximity panel 
output (static) in the motion detector circuit. The bottom 
channel employs an ON-OFF unit, to maintain an output 
when the conveyor is empty. The time-delay circuit is 
common to both channels and is actuated by either. The 
timer, in turn, operates a relay in the conveyor control 
circuit. The unit is designed primarily to detect stop- 
pages at critical points along conveyor lines. If cans are 
absent at the point in question, the No. 2 unit is ON and 
maintains the drive circuit. With cans present, No. 2 is 
oFF and the No. 1 unit pulses the timer as it senses the 
edge of each moving can. An abrupt or gradual decrease 
in can flow rate below the time-delay setting of the timer 
will cause relay CR to drop out. Automatic restarting 
will occur once the cans are moving again. 

References 
“The Proximity Limit Switch, A Versatile Tool for Industry,” 

R. C. Mierendorf, The Welding Journal, December 1957. 
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New “printed” wiring process employs 
stamped metal foil circuit patterns trans- 
ferred by adhesive carrier tape to surface 


of insulator base material. 


NUMEROUS MECHANICAL PROCESSES for producing printed 
wiring boards have been developed over the past several 
years. (1, 2, 3)* Two major limitations associated with 
most mechanical processes have been high tooling costs 
and circuit layout restrictions dictated by the dies re- 
quired. It is felt that the applique wiring system described 
in this article overcomes these limitations to an important 
degree while retaining the advantages of all mechanical 
processes in terms of freedom from board contamination 
by etchant and minimal copper foil waste. 


Applique Wiring Process 

Basically, in the process, the circuit pattern is stamped 
or “dinked” from an adhesive coated, thin metal foil onto 
a pressure-sensitive carrier tape and then transferred to 
the surface of an insulator base material. The various 
operations necessary to the manufacture of printed wiring 
by the applique process are schematically illustrated in 
Fig. 1. 

In developing this method as a feasible manufacturing 
process, perhaps the most difficult problem encountered 
was that of the dinking operation. It was necessary to 
cut the metal foil but not perforate the carrier tape. Also. 
it was desirable that the dinking die be essentially a low- 
cost tool. By utilizing a soft aluminum carrier tape, in 
combination with a suitable backing pad and electrolytic 
copper foil (which has a relatively hard temper), it was 
possible to cut the copper foil and yet only emboss the 
carrier tape. This approach eliminated the necessity for 
stringent flatness requirements on the dinking die and for 
precision control of the press stroke in the dinking 
operation. 

Although an engraved or steel rule die can be used 
for forming the conductor, a photo-etched die was found 
to be generally more economical, especially for short 
production runs. Further, a photo-etched die placed fewer 
restrictions on the circuit design, and adequate die life 
could be ensured by hard chrome plating after etching. 

The first step in producing such a photo-etched die is 
to prepare the tool drawing. This is simply an outline 


*Italic numerals in parentheses refer to Cited References at end of article 
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COPPER FOIL COATED Fig. 1—Process schematic for applique wiring. 
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FOR CURING ADHESIVE 


PRESSURE 
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MAGAZINE FOR 
APPLYING BOARDS 
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of the desired circuit configuration which is made on 

dimensionally stable material; preferably on a 2-to-l or 

1-to-1 scale. Because the lines on this drawing determine 

the cutting edges of the die, they should be unbroken and REMOVAL OF CARRIER TAPE 
of constant width (approximately 0.015 in. on a 2-to-] LEAVING CONDUCTORS 
scale) and uniform optical density. From this drawing, ADHERED TO BOARD 


the dinking die is then made using standard photo-en- 

TO MACHINE 
are raised approximately 0.020 in. above the base. Figure comune Gatnie 
2 shows a die made in this manner. 

The selection of the carrier tape to be used with the 


graving techniques to produce sharp cutting edges which 


Table 1—Insulation Resistance of Applique Wiring Boards, Megohms* 





Days conditioning 
Material Grade (NEMA) 11 30 


XXXP (Hot punch) Min value 2,730 1,470 1,350 
Avg value 8,070 6,000 940 


XXXP (Cold punch) Min value 135,000 51,500 27,400 
Avg value 209 ,000 103 ,000 67 , 500 


G-10 Min value 875,000 292 ,000 135,000 
Avg value 400 ,000 575,000 358 ,000 


*90 per cent relative humid 
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Fig. 2-_ Etched dinking die. 


applique process was dictated by several requirements. 
First. the tack of the tape had to be sufficient to hold 
the conductor pattern firmly and yet allow easy removal 
of the skeleton foil. Second. the adhesive and backing of 
the tape had to withstand the curing conditions of the 
thermosetting adhesive for bonding the circuit to the 
base material. Third. the tape had to be ductile so that 
it would be embossed and not cut during the dinking 
operation. A variety of different plastic and paper tapes 
was evaluated and found to be unsatisfactory. However. 
a special aluminum foil tape developed by Permacel-Le 
Page's, Inc. as their type ST-3693 aluminum foil tape 
proved to be very satisfactory. 

Once the problems associated with the dinking opera- 
tion and the carrier tape were solved. the process became 
entirely straightforward. Thus, as shown in Fig. 1. the 
initial step is to apply the adhesive-coated copper foil. 
adhesive side up, to the tacky surface of the aluminum 
foil, pressure-sensitive tape. Using the dinking die, the 
circuit is then cut and the skeleton foil removed, leaving 
the circuit pattern adhering to the aluminum foil carriet 
tape. The exposed tacky surface of the carrier tape is used 
to hold the circuit on the surface of the already cured base 
material until the thermosetting adhesive on the copper 





Fig. 3 
board. 


Removal of carrier tape with circuit bonded to the 


foil is cured. After the thermosetting adhesive is cured. 
and the circuit firmly bonded to the base material, the 
carrier may be removed. A board in this condition is 
shown in Fig. 3. The completed board is then ready for 
further processing such as hole drilling and terminal 
setting. 

With the mechanical aspects of the applique wiring 
process worked out. a thorough evaluation was then made 
of printed wiring boards produced in this manner. 


Evaluation of the Process 

Printed wiring boards produced by the applique process 
will be seen to differ basically from conventional etched 
boards in three respects: 

1. the board does not come into contact with etchants 
or other aqueous solutions containing potential contami- 
nants in the form of ions, 

2. no adhesive exists on the insulator surface between 
conductors, and 

3. the bonding of the copper is done between an al- 


ready cured base laminate and the foil in a secondary 
laminating operation. 


The significance of the first two factors is that the 
insulation resistance characteristics of applique boards 
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Fig. 4 
pattern. 


black. 
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will be determined solely by the properties of the base 


laminate itself: no consideration need be given to possible 
ionic contamination or the insulation resistance properties 
of the foil bonding adhesive. The significance of the third 
factor is that great care must be given to the selection 
of the bonding adhesive. its cure cycle. and the surface 
condition of the base laminate if marginal bond properties 
are to be avoided. This is due to the fact that the single- 
stage cladding and laminating process used in producing 
conventional clad laminates results in better coalescence 
of the bonding adhesive and the resin in the base lami- 
nate since neither is fully cured at the time of bonding. 
Further. no mold release or other potential bond degrad- 
ing agent is present at the adhesive-laminate interface in 
the single-stage process. 

With these facts in mind. boards produced by the 
applique process were tested for the following properties: 

1. insulation resistance at 90 per cent relative humidity 
and 95 F: 

2. peel strength at room temperature, 90 C, 130 C. 
and after two weeks thermal g at 120 C: and 


agin 
3. solder-dip resistance at 232 C. 


The base laminates studied included two types of Grade 
XXXP. paper base phenolic. one hot punching and one 
cold punching variety. and Grade G-10 epoxy-glass. All 
materials tested were in the form of 14 4-in. thick sheets. 

The insulation resistance values were obtained using 
the test pattern shown in Fig. 4 (2 x 2 in. overall size) 
where measurements are made between terminals 7 and 2. 


Table tl—Peel Strength of Applique Boards, Ib/in. 


Insulation resistance test 
Conductor areas in 


»>— Peel strength test pattern. 





> 








2 and 3, etc. at 90 per cent relative humidity and 95 F in 
accordance with ASTM D-257. 


are given in Table I. 


(4) Some typical values 
and are based on 32 readings in 
each case, 

These insulation resistance values have been found to 
be reproducible for the materials tested. and in the case 
of the cold punch N\XXP and the G-10 grades are quite 
similar to values obtained on conventional etched boards 
The values for the hot punch XX XP grade are consider- 
ably lower than those obtained on etched boards with the 
same hase laminate; this is due to the fact that the ad- 
hesive used on the etched board has insulating properties 
superior to the base laminate itself. To obtain these high 
and uniform values of insulation resistance. care must be 
taken to remove completely the last traces of the carrier 
adhesive. This is easily accomplished with the proper 
solvent treatment. These tests serve to demonstrate that 
printed wiring boards produced by the applique process 
possess insulation resistance characteristics which are 
determined by the base laminate alone and which, if not 
greater. are at least more uniform than values obtained on 
etched boards. 

(As noted earlier, the bonding of the copper foil to the 
base laminate represents a crucial step in the applique 
process. Several adhesive types were tested, but the most 
uniformly successful results were obtained with a vinyl 
phenolic type of thermosetting adhesive. The surface con 
dition of the laminate necessary to achieve a satisfactory 


Continued on page 160 





At room 
temperature 


Material Grade (NEMA) 1 oz 2 oz 
XXXP (Hot punch) 


Min value 
Avg value 


XXXP (Cold punch Min value 


Avg value 


G-10 Min value 
Avg value 
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After two weeks 
thermal aging 
at 120 C* 


Conditioning 





The Team Approach in Applying 
Numerical Control to a Machine Tool 


Development of packaged control systems has changed the engineering routines of 


the typical machine tool manufacturer who ordinarily designs and builds his own 


magnetic control circuits from individually selected components. A packaged nu- 


merical programming control system has to be integrated into the overall electro- 


mechanical design of the machine with the help of the supplier. To illustrate the 


new team approach, an analysis is made of the development of a tape-positioning 


machine for performing a variety of machining operations on a multiplicity of 


levels on the periphery of a cylindrically shaped forging. 


IN DESIGNING AN AUTOMATIC machine tool to be program- 
med by punched cards or punched tape, the ultimate 
customer obviously has to set up machine requirements 
in terms of operations on parts to be produced within 
selected tolerances of machining error. The customer 
may more than likely select the input media. But unless 
he develops his own numerical positioning control system 
from scratch, the machine tool builder has to work with 
a control system manufacturer. He can’t do the whole 
electrical design job himself. Teamwork is involved. An 
example is described in detail here to bring out this point. 

The example is a bit special because of the relationship 
between the “customer” and the control systems builder. 
In this case the three decision areas involved: 

Customer: Aircraft Gas Turbine Division, General 
Electric Company, Evendale, Ohio. 

Machine Tool Builder: Barnes Drill Co., Rockford, IIl. 

Numerical Positioning Control System Supplier: Spe- 
cialty Control Dept., General Electric Co., Waynesboro, 
Va. 

The machining problem and the basic machine _re- 
quirements are summarized in Table I. Invitations to 
bid on this machine were sent to several machine tool 
builders by the customer. Barnes was selected to carry 
out the development because the firm had built a similar 
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machine for another jet engine manufacturer, the com- 
pany had the electrical and mechanical know-how (design 
engineers), and was willing to assume the responsibility 
for the success of the unit. 

Input Form. 
was discussed between the customer and Barnes and was 


The question of choice of input data 


finally decided by the customer in favor of punched tape. 
There was some influence here from the customer's cus- 
the Air Force. Punched tape is ideally suited to 
a program requiring a series of positioning motions in 


tomer 


a particular related sequence and where the machine 
cycle takes some time as in a series of boring operations. 
Cards can be read electrically in 1 sec and can have as 
many as 80 characters. Tape can be read at the rate of 
7 characters per sec. In this particular case the block 
length of input data ranges from 8 to 24 characters, but 
the difference in tape reading time (as compared with 
reading cards) was not important because reading for 
the next step was to be done during a machining cycle. 
It was also important to maintain the sequence (cards 
can get out of order). And because the same part is 
being repeatedly machined, the tape can be made in a 
continuous loop. Cards would have to be transferred 
from the stacker back to the magazine for each part and 
could get mixed up in the transfer. 

Kight-channel l-in. wide punched paper tape* is em- 
ployed in the G-E numerical positioning control system. 
Using a Model FPC-8 Flexowriter, the numerical data are 
automatically punched into the tape in a binary-coded 
decimal form when the data are typed manually into the 


*See ‘Perforated Storage Media” by H. L. Tholstrup, Exvecraica, MANnuractTuRINe 
December 1958, p 53. 


ELECTRICAL MANUFACTURING 





Table I—Requirements of the 
Part to be Machined 


The Machining Problem 


To rough bore, finish bore and face the outside 
and inside surfaces surrounding each bore in a 
magnesium jet engine compression case, cylin- 
drical in shape and approximately 30 in. in 
diam. There are 248 holes to be finished thus, 
distributed variably in six pitch circles. 


Machine Requirements 


Ihese requirements called for a numerically 
programmed boring machine with four tool 
spindles and a rotary indexing table to sup- 
port the work piece. One spindle performs the 
heavy-duty boring operation. The other three, 
which finish bore and face the holes, are pre- 
cision feed-out quill-and-spindle assemblies. Be- 
cause of random spacing of the holes both 
radially and vertically, a single operation would 
have to be performed at a time. 

To meet these requirements, the machine tool . : es ai: 
builder chose to mount the cutter spindles one . (Above) Closeup of jet oe a 
above the other on a vertical slide. Under servo a sor casing being automatically machine 
control, the slide can be raised or lowered to by programmed control. 
bring a selected spindle in line for the opera- 
tion called for. 


(Left) General view of 
four-spindle Barnes pro- 
grammed machine using 
numerical positioning 
control. 


Flexowriter in decimal and letter symbol form. The letter ments of the machine that are servo controlled and there 


acts as an “address” to call out the function to be pro- are six other auxiliary functions called out by the data 
grammed next. 


stored on the tape. There are several choices of servo 
As Table II indicates, there are two functions or move- drives suitable for machine element position control. 


Table li—Numerical Positioning Control Table tll—Power Drives on 


Functions on 4-Spindle Automatic Automatic Programming Machine 
Programming Machine 


Motion A 

Position (index) work table to selected angular lo- Mee 

é : : : Table positioning d-c servo 
cation, Servo-motor drive with feedback loop. Po- u in 
iti ai Si anil motor 14% hpat 280 rpm 
a _ (both are supplied through 

Motion B 144-kw amplidynes) 

Position multi-tool head slide to bring selected tool 
spindle into position. Servo-motor drive with feed- 
back loop. Total travel 62 in. Rate of travel 60 
in./min. 


Spindle head positioning d-c 
servo motor 1 hp at 1150 rpm 


Spindle drive motor, 4-speed 5 hp at 

induction 1800 /1200/900/600 rpm 
Spindle quill feed drives 

Independent hydraulic cyl- 
_ . A inders governed by solenoid- 

Auxiliary Functions 6 y ee 

, P . operated valves and limit 

. Select one of four spindle speeds for boring or : 
. : switches. 

facing operation. 
2. Select one of two spindle-feed rates. 
3. Select one of three depths of feed. 
. Initiate spindle advance. 


Auxiliary machine function 
drive motors: 
Hydraulic pump 3 hp at 1200 rpm 
. Select one of four dwell, no-dwell and back- Column (gearhead) 


2hpat 100 rpm 
feed combinations. 


Coolant pump % hp at 1800 rpm 
. Light operator instruction lights. Lube pump \, hp at 3600 rpm 





Mochine motion B = They include electrohydraulic systems with proportioning 
valves. a-c motors with servo clutches, thyratron-con- 





trolled d-c motors o1 amplidyne-controlled d-c motors. 


Position Servo | “4 - spindie In this instance, the requirements of high accuracy 
Orive head side] | 
CK Op 

















pickup | together with fairly rapid positioning led to the choice 
Feedbo' of d-c servo motors. The cost of clutches and the work 


- 
advance connected with putting them on the machine would offset 
speed 
feed 
depth 


- Or be obtained. Hydraulic drives are often more costly 


part of the saving otherwise available in lower cost of 





the control, and considerably inferior operation would 


no - dwell, backfeed than d-c drives and are normally recommended by G-E 
struct engineers only when the combination of high positioning 
(Rotary speed and a high cycling make the electric motor im- 


\ practical, 





D-C motor drives are satisfactory for this application 
since the power requirements are not severe and greater 
accuracy can be obtained in positioning, plus the con- 
; ; venience of electrical control. Table IIL lists the servo- 
Mochine motion A ‘ _ axe 

motor ratings selected, along with all auxiliary power 
Fig. 1—Block diagram of G-E Numerical Positioning Control drives on the machine. The choice of amplidynes over 
for Barnes programmed boring machine. thyratrons is a matter of motor size. General Electric 
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AUXILIARY Fig. Schematic diagram of G-E Numerical Positioning Control 
FUNCTIONS with tape reader and amplidyne-controlled d-e servo power motor. 
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Table IV—Application Data for Selsyn and Gearing Selection in General Electric Position Pickup Unit 





Number of selsyns Max posi 
tioning 
3 4 : Hi-speed speed Max 
Repeatability or selsyn with traverse Recommended gearing 
electrical accuracy Linear travel, in gearing amplidyne speed to pickup unit 


05 in 5 0 450.0 4500. 0* 10 in. rev 500 fpm 1666 rpm 2-, 4- or 5-pitch lead 
screws 

005 in 5. 50 45.00 450.00 4500 00* 1 in. /rev 600 ipm 2000 ipm 48-pitch, 60-tooth pinion 
32-pitch, 40-tooth pinion 

0005 in 045 450 4.500 45.000 450.000 0O.lin. rev 60 ipm 200 ipm or 20-pitch, 25-tooth pin 
ion with precision rac 


00005 in 0045 0.0450 0.4500 4.5000 45 0000 0.01 in. /rev 6 ipm 20 ipm special consideration 


Limited rotary motion, deg 
+0.05 
+0. 010 in. @ 24 in. diam 45.0 450.0 4500 0 17 rpm 55 rpm 
+0 005 


32-pitch, 20-tooth pinion 
+0 002 in 48 in. diam - 50 5 00 450 00 4500 / 1 


7 rpm 5 5 rpm with 720-tooth precisiun 

gear on rotary motion 

+0 0025 or eqivalent 36-to-1 

+0 001 in. @ 40 in. diam 25 50 225.00 2250 00 54 rpm 3 rpm ratio in a single mesh of 
precision gears 

+0 001 090 0.900 000 90 000 900 000 y 1, rpm 1 rpm 

+0.0005 in. @ 60 in. diam 


+0 0005 

é 32-pitch, 20-toott 

+0.0003 in. @ 60 in. diam 5 000 000 / 9 rpm with 1440 toc th sab cw neg 
gear on rotary motion, 





*Requires 10:1 stepdown geari en leadscrew or rack and input shaft 
Abstracted from GET-2676 
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limits thyratron control to 3°4-hp motors on numerical pick-up units consisting of a series of geared selsyns. 


positioning control. The head slide pick-up unit is coupled directly to the 

\ schematic diagram of the two servo controls is given 
in Fig. 1. The actual method of positioning the multiple- 
spindle head is by driving a ball bearing lead screw con- 
taining two nuts preloaded to minimize backlash. This 
method was the choice of the machine tool builder as 
against a rack and pinion drive. 


lead-screw, whereas the table pick-up is geared to a pre- 
cision bullgear separate from the power gear. 

The overall system is shown schematically in Fig. 2. 
In the director, coded holes in the tape set up command 
Positional error 
voltages are produced by the rotors until the d-c servo 


voltages applied to the selsyn stators. 
\ ball bearing lead 
screw was chosen for its low friction characteristics and 
its high degree of accuracy (uniformity of pitch). Table 
drive is by pinion and bullgear. Position feedback is by 


motor balances them out through mechanical movement. 
The number of selsyns required in a pick-up unit is 
determined by the length of travel and the required posi- 


General Electric Numerical Positioning Control 


The G-E NPC system is based on 
a closed-loop servo in which final 
position (linear or rotary) is 
obtained by comparing voltages 
obtained from the command sig- 
nals with feedback voltages from 
selsyns coupled to the machine 
movements and excited from a 
small 400-cycle M-G set. The sys- 
tem is in effect a digital array of 
analog units. One selsyn is used 
for each digit in a command num- 
ber except for the two least digits, 
such as the digits 15 in the dimen- 
sion 21.2515. This last, high-speed 
selsyn is positioned to one part 
in 100, or 3.6 deg. The lesser 
significant digits all affect the 
positions of the low-speed selsyns. 
This is done by introducing a 
voltage proportional to these dig- 
its in series with the selsyn rotors. 
Using the dimension 21.2515, the 
command to the lowest-speed sel- 
syn would be for 0.212 parts of a 
revolution and the second-slowest 
selsyn, 0.125 rev. This process is 
carried through all five selsyns 
much as in the example of dials 
of a watt-hour meter. 

The reference or command volt- 
age for a particular digit (for 
example, 7) is simply a voltage 
corresponding in magnitude and 
polarity to that obtainable from a 
selsyn 
former) 
tioned in the example to Ao of a 
revolution. Actually, these voltages 
100-cycle 
furnish 
voltages corresponding to the dis- 
crete command digits. As shown 
in the schematic diagram, stepping 
switches are used to select the 
desired tap in each bank as dic- 
tated by the input information. 
The transformer tap switch posi- 
tion is selected by the lower step- 
per whose 10 positions are wired 
to the digit data input. By virtue 
of tape command one_ position 
will have a voltage on it through 
the decoding network and_ the 
switch will step off uninter- 
ruptedly until the wiper reaches 
this point. At this instant, relay 


generator (control trans- 


whose rotor was posi- 


are simulated from a 


transformer tapped to 


; 





Ys) 
L 





Stepping switch 
(one per digit) 














waauess 











Control 
voltage 


coil RCR will be energized, open- 
ing the NC circuit to the switch 
solenoid. 

In the position pickup unit, a 
10:1 gear ratio is maintained be- 
tween successive selsyns. In the 
example described in the main 
text, the lowest-speed selsyn is 
geared for 1 rev per 1000 in. of 
head travel and would be con- 
trolled by the digit representing 
hundreds; the second selsyn, 1 
rev per 100 in. controlled by the 
tens digit and so on. The fifth 
selsyn would be geared for 1 rev 
per 0.1 in. and would be con- 
trolled by digits representing hun- 
dredths and thousandths. 

If the rotor of each selsyn is 
not positioned to the portion of 
a revolution represented by the 
command voltage, an error volt- 
age will be sent back. The various 
error signals are combined to pro- 
duce a single signal having the 
correct sense (direction) and am- 
plitude proportional to displace- 
ment from the correct position. 
A mixer circuit provides a smooth 
takeover from the coarse selsyn 
units to the fine selsyn unit. The 


Selsyn ( position 
control feedback unit 
transformer 


Error 
| voltage 


slow speed (1000 in./rev) selsyn 
has control until it is close to 
correspondence with its command 
voltage, then control is switched 
to the next higher speed selsyn 
and similarly to the succeeding 
higher-speed or fine selsyns. 

The error signal out of the mix- 
ing circuit is a 400-cycle single- 
phase signal. This signal is ampli- 
fied and fed into a phase-sensitive 
discriminator so as to produce a 
d-c signal of magnitude and polar- 
ity corresponding to the amount 
and direction of the error. This 
signal is used to control the d-c 
servo-drive motors to position the 
machine. 

The error-sensing circuit con- 
tinuously monitors the magnitude 
of the position error. When it ex- 
ceeds a value set by the dead- 
band adjustment, the servo-drive 
motor contactor is closed. The 
servo motor is then allowed to 
run until the system positions to 
within the set accuracy, at which 
time the error-monitoring relay 
drops out, de-energizing the servo 
drive and stopping the drive 
motor, 





tional accuracy. In this machine the vertical slide motion 
is 60 in. and 0.001 in. of electrical accuracy was called 
From Table IV, it is seen that for 
these conditions five selsyns are needed. Actually, they 
are capable of covering a range of 450 in. of travel with 
+0.0005 in. The limitation here is that 
the high-speed selsyn can be positioned to an accuracy 
of 1/200 rev at a maximum speed of 600 rpm. The total 
travel of the lowest-speed selsyn should not exceed 0.4 


for by the customer. 


an accuracy of 


rev in order to insure that the motion will be in the 
correct direction. 

Likewise. the accuracy was required 
to be 0.001 in. at a nominal 40 in. diam. Five selsyns 
are necessary to give a total table rotation of 360 deg. 
The speeds associated with these conditions were taken 
from Table IV and the pick-up unit was geared accord- 
ingly. While it was not necessary on this particular 
machine, the initial unit did require that the gearing 
ratios for the head and table be settled between Barnes 
and G-E Specialty Control. The final ratios were de- 
termined by what the latter could supply in the position- 
ing servos and what was needed to give correct movement 
to the particular machine element. 

Electrical details of the feedback system are given in 
the accompanying panel. 

To eliminate errors from backlash in the selsyn gear 
train a small two-phase torque motor is continually ener- 
gized and supplies its torque between the two highest- 
In the case of the 
up backlash 
between the pinion on the servo motor input shaft and 
the precision power bullgear on the table. 


table-p ysitioning 


speed selsyns and the input gearing. 
index table. the torque motor also takes 


A backlash take-up circuit causes the motion to posi- 
tion first to a point slightly off the final position and 
always on the same side. As soon as this “false” position 
is reached, a creep to the final position will be initiated. 
Besides taking up backlash, this action will minimize any 
effects of deflection in the gear train or machine members 
by making the approach to the final position always from 
the same direction and distance. 


Integration of Control Systems 


The actual integration of numerical controls and mag- 
netic controls was handled by G-E Specialty Control. 
However. the circuit design of the basic machine was 
This was done 
because Barnes felt they had the primary responsibility 
for magnetic circuit design on their own machines. Like- 
wise, the job of coordinating the work of G-E Specialty 
Control and Barnes on circuits was handled by a Barnes 
engineer. It is essential that there be one individual co- 
ordinating the efforts of both design teams so that the 
two parts of the puzzle will fit together. 

Coordination 


the work of Barnes electrical engineers. 


Barnes’ sending to G-E 


: —e : 
an elementary wiring diagram, 


began by 
indicating the method 
Barnes wanted to use to operate the 
Actually, 


any mechanical design was done and consequently a cer- 


various sections of 
the machine. the diagrams were made before 
tain amount of modification was later necessary as the 


machine design progressed. These modifications were 


passed along to G-E. The latter’s control engineers in 
turn were allowed to make changes when they simplified 
the interlocking between the numerical and the magnetic 
controls. From the Barnes viewpoint, this procedure 


seems to have worked satisfactorily for all concerned. 


80 





Fuses 


IR 

edu CR-i8 Forward (fine feed) 
CR-20 _ Coarse feed 

4 CR-2I Traverse 

4 CR-19 

' CR-6 . ’ Spindle No.! advance 

CR-6 Spindle No. | back 

CR-7 indie No. 2 advance 

aE oo 

CR-7 spindle No. 2 back 
1 CR-8 Spindie No. 3 advance 
CR-8 Spindle No. 3 back 

CR-9 Spindie No. 4 advance 
P' 

CR-9 Spindie No. 4 back 
CR Positive stop No. 2 back 
| CR-II _.Positive stop No.2 for. 
| pole Positive stop No.3 bock 

CR-I2 Positive stop No. 3 for. 
ea oo umn clamp 
— m 

praca 2 
rT .CR-4 


a “CR-I8 
Stort hydraulic 


Se 


o—s! up 


Sem auto 


Auto 
Ls-2; Mon_, | 











_ Return 






































iin a 





5 





| ll 
Column uncilomp 





Table clamp 


oO 
- 
nN 





Se iii: malllien al 


oO 
2 4 
ay 


= 





Table unciamp 
Ho 




















Se 


° 
- 
@ 




















index out 
of position 








index 


| in position | 


aia 
Li 


Be a 

















A 


Fig. 3—Sample of elementary control diagrams furnished by 
machine tool builder to numerical control system designer. 
Diagram A is typical of that part of the control still provided 
by the machine tool builder 
valves for control of spindle quill movements through hydrau- 


in this instance, solenoid-operated 


In Fig. 3 is a sample circuit furnished by Barnes to 
G-E Specialty Control. Those 
dashed lines are contacts to be included in the numerical 
control system. The main feature about this circuit (not 
detailed) is the way the positive stops of the spindle 
quills were handled and the way the next block of infor- 
mation was fed to the machine. While in some 
final circuit as drawn by G-E did not 
system originally designed by Barnes, the same functions 
were retained. 


portions enclosed in 


cases the 
follow the exact 


After the numerical control equipment was received in 
Rockford and installed with the machine, the responsi- 
bility of making the machine work the way Barnes 
wanted it to work was assumed by the same Barnes 
liaison engineer. The responsibility of making the posi- 
tioning system function properly was assumed by Gen- 


(Continued on page 126) 
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lic pistons. The limits for these movements are governed by 
limit switches and contacts within the numerical positioning 
control system. On Diagram B the latter are spotted by the 
machine tool designer within dashed lines in connection with 
latching relays. Diagram C associates these contacts with the 


—— 


Fig. 4—Sample of program data ready to be put on punched 
tape through the Flexowriter. Table dimension is in degrees 
and decimal degrees as table moves clockwise. Head dimension 
is measured from a zero point corresponding to No. 1 spindle 
being 7.166 in. above rotary table surface. Tool selection 
governs feed-out of one of four spindle quills. Speed code 
selects one of four spindle-motor speeds (600, 900, 1200 and 
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limit switches on the machine and with the 4-speed controller 
for the spindle drive motor and other auxiliary functions. 
Note use of standard NMTBA symbols on drawings which are 
kept small for use at desk or machine in trouble-shooting. 


———' a = 


800 rpm nominal). Code for feed control of tool calls for 
long or short lengths of feed at coarse or fine rates. Full depth 
code selects one of three preset quill feed travel distances 
corresponding to axial position of three tool bits of different 
cutting radii. Dwell and backfeed has four combinations. Drill 
(H) says to machine “start work.” End-of-run code is normally 
used at end of complete program manuscript 
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A Graphical Analog Computer 


The graphical analog computer, a nomo- 
graphic tool in the form of a universal 
blank which can be applied to a variety 
of problems. has much of the versatility of 
the electronic computer and the simplicity 
of the slide rule. It can be particularly ad- 
vantageous when used to supply data for 


electrical analog computers. 


AUGUST $s. LERMER 
Senior Dynamics Engineer 
CONVAIR 

San Diego, Calif. 


NUMEROUS COMPLEX PROBLEMS can best be solved by the 
use of electronic computers; but there exist many impor- 
tant, though less complicated, questions whose solutions 
do not justify the use of such electronic equipment. 
Hence, there is a need for a simple device to fill the gap 
between electronic computers with elaborate program- 


ming and simple standard slide rules. The graphical 
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analog computer is such a device, having some of the 
versatility of the electronic computer and all of the sim- 
plicity of the slide rule. 

The graphical analog computer differs from the ordi- 
nary nomograph in that it provides a single type of 
universal blank for most types of nomographic analog 
computation. The typical nomographic chart consists of 
a series of logarithmic scales with variables of a given 
equation marked on them. Certain values are then con- 
nected by straight. analogous lines, the Jast such line 
intersecting the last scale at the resultant. It can readily 
be seen that this method is extremely simple in program- 
ming, as well as in handling. 

Typical Nomographic Chart. Figure | is a nomo- 
graphic chart for combined multiplications and divisions. 
It contains five scales although it could consist of 3, 7, 
9, or any odd number of scales. The direction of increas- 
ing magnitude of the even-numbered scales (Nos. 2. 4, 6) 
is most significant and depends upon the function of the 
scales. A divisor scale runs the same direction as the 
preceding odd-numbered scale, while a multiplier scale 
runs the opposite direction from the preceding scale. This 
relationship between scales makes it necessary to use 
separate charts or blanks for each variation in the se- 
quence of arithmetical operations. 

The nomographic form makes it easy to monitor inter- 
mediate results by observing the intermediate scales. 
Thus, the mutual influence of variables may be checked 
and the variables themselves adjusted for optimum con- 
ditions. Another advantage of the nomograph is that it 
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facilitates the calculation of complex scientific problems 
by semi-skilled personnel. 

The serious deficiency of nomographic charts has been 
the necessity for designing individual charts for each 
type of repetitive problem. Such design work is very 
complex and time consuming and usually outweighs any 
advantages to be gained by the use of the charts once 
they are complete. The reason may explain the fact that 
the use of nomographic charts is relatively negligible 
today. 

Dual Purpose Scale. A 
problem of repetitive design stated above is provided by 


possible solution to the 


a dual-purpose logarithmic scale such as is shown in Fig. 
2. This is a blending of a divisor scale and a multiplier 
scale into one unit. The two are reciprocals of each other 
and therefore the values run in opposite directions. One 
side of the scale can be used for division and the other 
for multiplication and vice versa. In actual use, in order 
to avoid confusion, one side of the scale may be crossed 
out as shown in Fig. 3. 

Dual scales of this type may be made up in advance 
on reproducible paper and stored in rolls. Blanks can 


Fig. 4 
can be treated on a graphical analog computer. 


Typical control system circuit whose transfer function 
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then be cut off in desired length when necessary. 


It is also possible to have blanks printed which will 


any 


accommodate graphical subroutines in which constant 


factors, trigonometric functions, roots, or powers are 
used. The preprinted scales for these subroutines can 
then be superimposed over existing standard scales. The 
scales may be printed on gummed paper. 

Example of Use. Shown in Fig. 4 is a typical feed 
back circuit which has the following Sec ond-order trans- 
fer function in terms of the Laplace operator s: 

e R/R 
e RC CARs? + RC + R 


In this equation the following definitions are made: 
Natural frequency 


Damping ratio 


From which 


It is then desired to obtain the proper combination of 
frequency and damping ratio by selection of the param- 
eters K;, KR. Ri, €, and Cs. 

As an example of the use of subroutines, in Fig. 5, 
expression 2/R2(1 R R, L R;/R2) 
sented by a graph and attached to the left-hand 
the computer blank. Then, assuming a damping 
various values of C, can be used to obtain values of the 


the 
repre- 
side of 


ratio, 


has been 


natural frequency. 

The study of this same transfer function is continued 
in Fig. 6 where C, is the 
and R.. In this case the standard Scale 


determined from values of 
frequency and R 


No. la 


which expresses squares of natural frequencies in terms 


has been replaced by a scale of squares 





SUBROUTINE 
2/R [A+ R3/R, +R; / R,) 


of their first Thus another arithmetical sub- 
routine has been eliminated. 

Optimum Conditions. Computer blanks are suitable 
for the outlining of the most favorable operating condi- 
tions by indicating optimum limits of values. For in- 
stance, an optimum interval of the damping ratio rang- 
ing from 0.05 to 1.0 is indicated on Scale No. 4b in 


Fig. 5. Thus the occurence of undesired assumptions or 


powers. 
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impractical results is automatically prevented. The same 
principle has been applied to C, on Scale No. 6a. Here 
it is indicated that capacitances below 0.001 pf should 
not be applied in this system. 

Graphical analog computing can also be used to supply 
data for electrical or electronic analog computing sys- 
tems. In the example shown, it would ordinarily be cus- 
tomary to select certain resistance values as constant 
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Fig. 5—Selection of parameters for transfer function of circuit shown in Fig. 4. Subroutine 2/Ro(1 + R: R, + Rs/Re) is handled 


in superimposed graph to the left of the Scale No. 3. 
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Fig. 6—Completion of computations begun 
on assumed values of resistances. 
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Introducing 
Fourier Analysis 


JOHN R. RIGGS 
{ssociate Editor 


IN THE DESIGN ENGINEER'S bag of tricks there are 
many tools and techniques involving mathematical 
processes which are used——sometimes almost un- 
knowingly—-to solve the many problems that con- 
stantly occur. In today’s rapidly changing tech- 
nology. such basic tools are more important than 
ever. With the passing of stereotyped, “cook-book” 
designs, the engineer must return to underlying con- 
cepts and procedures to create fresh, up-to-date 
equipment for today’s applications. 

Unfortunately, time and the number and com- 
plexity of subjects often work to loosen the engi- 
neer’s grip on one or another of these basic tools 
so that a refresher course suitable without being 
sophomoric is desirable. In the special article on 
the following pages is such an approach to Fourier 
analysis. 

Fourier analysis. one of the oldest mathematical- 
engineering tools, is usable as a design approach in 
the widest range of applications. In system and sub- 
system design, Fourier analysis permits the engineer 
to design or select devices for a particular transient 
performance solely on the basis of their steady-state 


sinusoidal performance. It is also useful in setting 


overall system requirements and in predicting sys- 
tem behavior. Many control system engineers use 
aspects of Fourier analysis without recognizing the 
source of their methods. 

The applicability of Fourier analysis extends, lit- 
erally. from one end of the electrical engineering 
spectrum to the other. For the servo system designer 
(whether he be working on a complex missile guid- 
ance system or a numerically controlled machine 
tool), Fourier analysis is an invaluable aid in de- 
termining and interpreting system performance. 
Since any system is composed of a number of com- 
ponents and each component has its own gain func- 
tion, the gain function (or transfer function) of a 
system may be analyzed by studying the com- 
ponents. For the same reason, the component de- 
signer analyzes the gain function of his particular 
product with regard to its effect in a system. 
Fourier analysis thus comes into use in the design 
of electronic amplifiers, tachometer generators, hy- 
draulic power cylinders, recording ammeters, ete. 

Fourier analysis can also be an aid in designing 
filters for d-c power supplies and is of course always 
a useful technique in communication fields where 
modulation schemes (AM and FM) are often ana- 
lyzed and compared. These and many other problem 
areas are included in the article as useful applica- 
tions of Fourier analysis. (Reprints of this article 
will be available—see page 174 for ordering in- 
formation. ) 

The author of “Using Fourier Analysis in De- 
signing’ is no stranger to readers of ELECTRICAL 
MANUFACTURING. Ira Ritow wrote the five-part series 
on fundamentals of servo system design in 1956 
and, in 1957, the outstanding insert article. “Cap- 
sule Calculus.” Later this year we will present a sec- 
ond, more advanced series on servo design by Mr. 
Ritow. This will include treatments of such subjects 
as Laplace and Z transforms. transfer function deri- 
vation and interpretation, and various stability 
criteria. 

—— 
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What is Fourier Analysis? Fourier analysis is a 
mathematical tool that breaks down (analyzes) a repeti- 
tive electrical or mechanical signal of any waveshape 
into an equivalent sum of sinusoidal waves called har- 
monic components. Conversely, Fourier analysis can 
also be used to deduce the original waveform if the har- 
monic components are known. Since most control sys- 
tem design techniques are based on sinusoidal signals, 
Fourier analysis provides an essential translation be- 
tween transient control system problems and sinusoidal 
design tecliniques. It can be extended to non-repetitive 
signals and because of this it is useful in such applica- 
tions as pulse amplifier design. 


T° INSURE optimum understandability and 

usage, this article has been prepared as two 
interwoven articles. For readers who feel at 
home with the concepts of calculus, the entire 
article may be read as printed. Those who 
want to grasp the broad implications of the 
techniques without the supporting mathematics 
can skip all color-coded paragraphs. 


The application of Fourier analysis is limited to linear 
systems. A linear system is a connection or combination 
of linear devices. A linear device is one whose output 
is directly proportional to its input. As an example, a 
spring whose resistant force is proportional to its dis- 
placement is linear. If the spring starts to “bottom,” it 
is no longer linear. Many a non-linear device, such as a 
vacuum tube, can be considered to be linear so long as 
the signal going through it is small enough to use only 
a small part of the device’s operating range. 

Uses of Fourier Analysis. Fouricr analysis has three 
general applications of wide use: 

1. to predict system response 

2. to determine system dynamic specifications 

3. to evaluate (interpret) test results 
These will be discussed qualitatively. 

The use of Fourier analysis in the prediction of sys- 
tem response is illustrated in Fig. 1. The problem is 
to determine the output of the control system with a 
square wave (A) input. By the use of Fourier analysis 
the waveform of A is resolved into its harmonic com- 
ponents, shown as B, C, D, E and F. Each of these is 
a sinusoidal wave of a different frequency. It is assumed 
that the response of the control system to a sinusoidal 
input is known, so waves B’, C’, D’, E’ and F’ are cal- 
culated as the system outputs corresponding to inputs 


(Copyright 1959 by The Gage Publishing Company) 
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of Fourier analysis to predict system response 


of B, C, D, E and F, respectively. The output of the 
control system to input A is then the sum of B’, C’, D’, 
E’ and F’; i.e., the system output is the sum of the out- 
puts for each of the harmonic components of the input. 

The use of Fourier analysis to determine system 
specifications is illustrated in Fig. 2. A system is desired 
that will produce waveform B if its input is waveform 
A. In this case the input wave, A, is resolved into its 
harmonic components, C and D; and the output wave- 
form, B, is resolved into its harmonic components, C’ 
and D’. Then input and output harmonic components of 
the same frequency are compared. In this case a com- 
parision between C and C’, which are both at the same 
frequency, shows that at that frequency the gain of the 
system must be 2 with no phase shift. Comparing D and 
D’ in Fig. 2 (they also have the same frequency) shows 
that at their frequency the system must have a gain of 
one and a phase shift of 180 deg. If the system meets 
these two sets of gain requirements, it will perform as 
desired. If the resolution of the input and output shows 
that they have harmonic components at different fre- 
quencies, then the system could not be built of linear 
elements. Notice that selecting a reference time, f,, in 
Fig. 2 is essential so that system phase requirements can 
be determined. 

The interpretation of test results by Fourier analysis 
is illustrated in Fig. 3. The problem is to determine the 
system gain and phase shift characteristics from known 
test results. In the the test in question, the input square 
wave, A, in Fig. 3 caused the system output, B. Assum- 
ing that the system in question is linear, the analysis 
proceeds as follows. First waveshape A is resolved into 
its harmonic components, A,, A», As, etc. Then the 
same procedure is used to resolve the test result, B, into 


Waveform Analysis 


Determining the Harmonic Components of a Periodic 
Signal. The three qualitative examples of the uses of 
Fourier analysis given above all required resolving a 
periodic wave into its harmonic components. Several 
techniques for performing this dissection are given 
below. 

If a signal, f(7), is a periodic function of time (i.e., 
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Fig. 2—Use of Fourier analysis to determine system specifica- 


lions. 





system gain 
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Fig. 3—Use of Fourier analysis to interpret test results. 


B,, B., B;, etc. Input and output components at the 
same frequency are compared and the comparison yields 
the desired system data in the form of two graphs as 
shown at the bottom of Fig. 3, a graph of system gain 
vs frequency and a graph of system phase shift vs fre- 
quency. Some of the harmonic components of the input 
may be so small that results are inaccurate. If possible, 
a series of tests using sinusoidal inputs at various fre- 
quencies should be used; however, Fourier analysis per- 
mits the interpretation of test results even if sinusoidal 
input signals are not available. This is a very valuable 
feature since, in tests of control systems in actual opera- 
tion, it is often necessary to use data based on periodic 
but non-sinusoidal command (input) signals. 


and Synthesis 


repeats itself endlessly after every period of time, 7, 
such as the waveform at the top of Fig. 4), then f (1) 
can be resolved into a sum of harmonic components as 


follows: 
a; COS wl + ae Cos 2wl + a; cos 3wl 4+ 


My = 4 
(1) 


+ b sin wl + bo sin 2wt + b; sin 3wt + 
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Fig. 4—Illustrations of Fourier series terms. 


where dy, a), 5;, dy, by, etc. are numbers and w& is a 
number called the fundamental harmonic frequency in 
radians per second. This frequency is related to the 
period of f(t) by 


(2) 


where w is in radians per second and T is the repetition 
period in seconds. The endless periodic repetition of the 
function f(t) can be expressed as: 


f(O® =ft+ T) (3) 


and is stated here for completeness. The series of sine 
and cosine terms of Eq (1) is called the Fourier series 
and is one of several forms of writing the resolution 
of a periodic wave into components. The Fourier series 
is a convenient aid to system design and analysis. Like 
all tools, it is sometimes a help and sometimes a burden. 
The skilled designer carries the Fourier analysis in his 
bag of tricks. 

The Fourier series coefficients, as dy, a}, d», by, be, 
etc. are often called, can be determined from f(t) by 
multiplying by sinusoidal functions and averaging as 
follows: 

average value of f(4) over the period T 
average value of f(1) cos wl over the period T 
¢ average value of f(t) cos 2wt over the period T 
average value of f() sin wf over the period T 
average value of f() sin 2af over the period T 
(1) 

These coefficients and the terms introduced so far are 
indicated in Fig. 4. Note that, since the periodic func- 
tion and all its harmonics (common abbreviation for 
“harmonic components”) repeat every T seconds, the 
averaging of Eq (4) could be done over a period of 
2T, 3T, 107, etc. with the same results. 

In Fig. 4, the example chosen has only ay, a; and b. 
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components. In general, a function has an infinite 
number of components but as the frequency of a har- 
monic component increases, its magnitude decreases so 
that a few terms of the Fourier series are all that are 
usually needed for a reasonable approximation to a 
periodic function. In the two illustrations of coefficient 
determination at the bottom of Fig. 4, the solid line 
represents f(t) during a period 7, the dotted line is the 
multiplying factor dictated by Eq (4), the dashed line 
is the product of the solid and dotted lines, and the dot- 
dash line shows the average value of the dashed line. 
The height of the dot-dash line is 2 of the coefficient 
In calculus form, 


COS Nol 


a \ \ (a 


SD) 


2 | #1) dt 


7, 


=| : f(t) cos nwt dt 


1 
f(t) sin nwt dl 


» 


r 
In order for these integrals to exist, f(7) must be a 


| bounded function with a finite number of discontinuities 


—conditions that are almost always met in physical 


problems. 


As a matter of interest, the derivation of the expres 
sion for a specific Fourier series coefficient may be 


| demonstrated as follows: 


Equation (1) can be multiplied by cos wt to give: 


a; COS? wl A» COS Zwl COS wl 


hy sin wl cos wl hy sin 2wf cos wl 


+ 


| If this expression is averaged over the period T—27/w, 
| all but one of the terms on the right side will have 


an average value of zero since they are oscillating terms 
with equal positive and negative swings. The exception 
is the term a, cos?wt, which is always positive and hence 
has an average value. Therefore: 


Average (1) cos wl df 


" £2) cos wl dé 


The derivations of the equations for evaluating the othe: 
coefficients are similar. 

It is interesting to note that all the harmonic com 
ponents of f(t) are at a frequency equal to or higher 
than the basic frequency of f(t). Thus there are no 
sub-harmonics. For a periodic wave to generate a har 
monic with a lower frequency than its repetition fre- 
quency requires a non-linear device. 

The following paragraphs illustrate the determination 


8&9 





of the value of the harmonic coefficients, ay, a;, b,, etc., 
by graphical, numerical, and analytic means. 
Graphical Determination of Coefficients. Figure 5 
illustrates the calculation of the Fourier coefficients of 
a sawtooth wave by graphical means. The top line of 
Fig. 5 shows the given periodic function, f(t). The next 
two lines show the determination of a, /2 by sketching 


Fig. 5—Graphical determination of Fourier series coefficients 
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Fig. 6—Calculation of coefficients by numerical means. 


90 


in cos 2wf, multiplying f(1) by cos 2wt and finding the 
average value of the product over a period. In this case 
the average value of f(t) cos 2wf is zero, so that a./2 
is zero. Repeating this process with sin 2wf as the multi- 
plying factor is illustrated on the last two lines of Fig. 5. 
[he dot-dash line shows the average value of f(t) sin 
2wt. This value is b. /2. By repeating this process for all 
harmonic component frequencies (until the coefficients 
become too small to affect the series sum within the acc- 
uracy desired), all the Fourier series coefficients are 
calculated. The a, term of the sawtooth is zero because 
the average value of f(t) is zero, as can be seen by 
inspection. 

Numerical Determination of Coefficients. A variation 
of the graphical method of determining Fourier series 
coefficients is the numerical method illustrated in Fig. 6. 
The left side of Fig. 6 shows the procedure used to cal- 
culate coefficients b, and b.,. Instead of multiplying f(t) 
by sin wf at every point during the period 7, large num- 
bers of points are used to form a step approximation of 
both functions. The average of f(t) sin wf is then the 
average of a finite, rather than an infinite, number of 
values. The extent of this approximation is illustrated 
by the right side of Fig. 6 which shows the staircase 
waves that the numerical solution actually assumes 
when the values of c, c’, c’, for example, are assumed to 
be constant for a period of time of duration 7/18. 
Since the actual value of the curve approximated by a 
staircase lies above and below the staircase at different 
points, the errors due to the approximation cancel each 
other out to an astonishing extent. The staircase should, 
however, have at least six steps for each cycle of the 
highest frequency harmonic term used in the calculation 
of a particular coefficient. 

Analytic Calculation of Coefficients. Equations (6), 
(7) and (8) can be used to determine the Fourier 
series coefficients of the sawtooth of Fig. 6. In this 
case the period chosen for integration is from —T/2 to 

7/2, (from ft l tot 1), because f(t) can 
be represented by a single equation in that period. This 
equation is: 


ACD) 
By Eq (6), 


which was seen 


By Eq (7), 


J f f(t) cos nwt dt 


Pa [ cos nrt + nat sin nal | 
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so that in this case, the Fourier series consists only of 
sine terms. Using Eq (8), 


- ( 2t cos nxt dl 
2 J t=-1 
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Therefore 


(n odd) 


(ni even) 
nn 


|so that the Fourier series for the sawtooth of Fig. 
would be: 


f(t) © (sin rf 1/2 sin 2rl 4 3 sin: Isin Int 
n 


Approximations. Since the Fourier series for most 
periodic functions are infinite series, the question often 
arises: how many terms of the series must be used to 
obtain a reasonable approximation of a periodic func- 
tion? With one exception, the error at any point between 
the original function and the approximation will be less 
than the peak value of the largest term dropped. The 
exception occurs at a discontinuity in the given function. 
Figure 7 shows a sawtooth waveform and the approxi- 
mations that result when only the first four or the first 
ten terms are used. The exact function is shown dashed 
for reference. At the discontinuity the Fourier series 
approximates the mid-value of the function. Just before 
and just after the discontinuity, peaks appear. These 
peaks are called Gibbs phenomena. The Gibbs phe- 
nomenon is present in all Fourier series summations 
and has a peak overshoot of 8.95 per cent of the correct 
value if more than 10 terms are used. As more and 
more terms are added to the series, the peak becomes 
narrower, but its amplitude is not diminished. In the 
limit (as an infinite number of Fourier series terms 
is added) the peak becomes zero in width, so in a 
sense it disappears. 

Even and Odd Functions. It is convenient, when 
possible, to classify functions into two groups: even and 
odd. This classification permits simplifying the Fourier 
series by inspection and often saves half the work 
necessary to derive coefficient values. 

An even function (of time) is one for which the 
value of f(1) is the same for corresponding positive and 
negative values of time. An example is the cosine wave 
of Fig 8a. Note that, for every value of f (t) such as 
a, b, or c, for positive time, there is a corresponding 
value a’, b’, or c’ at an equal value of negative time. In 
other words, the curve to the left of the time Q axis 
is a mirror image of that on the right. 

The sine wave curve of Fig. 8b is an odd function. 
An odd function is one such that, if a line is drawn 
from any point on the curve through the origin and 
extended beyond the origin the same distance as the 
distance from the original point to the origin, the ter- 
minus of the line will fall on the curve. This is true of 
points a-a’, b-b’, c-c’ and d-d’ in Fig. 8b. As examples 
of even and odd functions: Fig. 8c is an even function. 
8d is neither odd nor even, 8e is odd, &f is odd, and 
8g is neither even nor odd. It can be seen from these 
examples than an odd or even function can sometimes, 
but not always, be converted to the other type by a 
change of reference. 

It is almost obvious by inspection that the Fourie: 
series of an even function will have only fixed and 
cosine terms (only a), a;, ds, etc., will have values) and 
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Fig. 7—Effects of missing terms and the Gibbs phenomenon 


Fig and odd functions 


that the Fourier series of an odd function will have only 
sine terms (only b,, bs, bs, etc., 

In the case of the square wave of Figs. 8c and &e 
the shift in axis that changes the function from even to 
odd also has an effect on the Fourier series. In the 
Fourier series expansion of both cases, the magnitudes 
of all harmonic components (after the average value 
term) are the same. In the case of the even function 


will have values ) 
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(cosine series), the signs of successive harmonic com- 
ponents alternate; and in the case of the odd function 
(sine series), the signs of all harmonic components 
are the same 

Alternate Form of the Fourier Series. Since a sine 
and cosine oscillation of the same frequency can be 
combined into a single oscillatory term as follows: 


1 cos wl B sin wl C cos (wl + o) 
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Fig. 9¥—Approximate freehand graphical determination § of 


Fourier coefficients 
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Fig. 10—Effect on waveform of phase shift in harmonics. 


where 
and 


B 


rea) are tan 
the Fourier series can be rewritten: 


f(t) aie C; COS (wl + ¢1) + Co COS (2wl tT 2) 
C; COS Wal + @;) 4 . Cy COS (nwl + dn) 


where 


and 


, 
are tan 
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Equation (10) has several advantages over Eq (1). 
The magnitude of c, gives the total magnitude of the 
nth harmonic as a single number, rather than two 
numbers (a, and b,,); the value of c,, does not vary with 
the choice of time reference as a, and b, do. In addi- 
tion, the total magnitude and phase shift data form, as 
Eq (10) is called, is very convenient for most design 
procedures. It is common nomenclature to refer to a, /2 
as “the average value,” and to call c; cos (wf + 9, ) 
the “first harmonic,” c. cos (2wtf %,) the “second 
harmonic,” etc., of a wave. 

Approximate Graphical Coefficient Evaluation. It is 
possible, with a little practice, to approximate the values 
of the coefficients of Eq (10) by the process of guessing, 
starting with low frequency terms and successively 
subtracting them from the waveshape. This is illus- 
trated in Fig. 9*. The solid waveshape at (a) is the 
given function, a square wave. Dotted in is the average 
value of the wave, a, /2. The average value is then sub- 
tracted and the remainder becomes the solid line square 
wave of Fig. 9b which represents the sum of all the 
Fourier series terms with frequencies of » and above. 

The next step is to fit a sinusoidal wave into the 
square wave that remains. This is shown dashed in 
Fig. 9b. The best fit would be a sine wave with an 
amplitude that would make the shaded area equal to 
the dotted area. Since this sine wave is at the base 
(first harmonic) frequency, its amplitude is the co- 
efficient c,. 

Subtracting the dotted curve from the solid curve of 
Fig 9b yields the solid curve of Fig. 9c. Plus and minus 
signs indicate the areas where the curve is above or 
below the axis. This cycling indicates the frequency of 
the next harmonic component. In this case there are 
three plus and three minus signs per cycle, indicating 
that the next term is the 3» or third harmonic term. 
The dotted curve in Fig. 9c is made to fit as closely 
as possible to the solid curve. Again the dotted curve 
is subtracted from the solid one and the solid curve of 
Fig. 9d is obtained. 

Figure 9e has been marked with + and signs as 
in previous steps and four question marks have been 
inserted in apparent gaps in the pattern. The next 
coefficient should be c; at a value of 0.182, but accumu- 
lated errors in the process have made it impossible 
*Figure s drawn freehand (except for the square wave) and the drawing ard 


numericé i s are the unretouched result of the sketch by an engineer who 
tried this construction for the first time! 
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to continue.i Nevertheless, a fair approximation has 
been developed by this rapid scheme. 

Constructing a Waveform from its Harmonic Com- 
ponents. If the harmonic components of a periodic wave 
are known, the wave can be constructed by adding 
up the components, either graphically or analytically. 
The phase shift of each harmonic plays an important 
part in determining its effect on the shape of the 
periodic function. Figure 10 illustrates the effect of 
harmonic phase by showing two different waveshapes, 
A and B, that are the sums of harmonics of equal 
amplitudes but different phase shifts. A great deal of 
the tone quality of a musical instrument depends upon 
the phase relationships among the various harmonics 
of the sound. The reason some “hi-fi” amplifiers are 
designed to have a constant amplitude gain as high as 
200,000 cycles per sec is to assure negligible phase 
shift of sound harmonics in the audio range which 
has an upper limit of 18,000 cycles per sec. 

Even-numbered harmonics (cos 2f, cos 4wf, sin 
4t, etc.) and odd-numbered harmonics (sin 3wf, cos 
wf, SiN Swf, etc.) contribute different characteristics to 
the shape of the resultant wave. As was shown previ- 
ously, the phase shift of a harmonic also influences the 
contribution of the harmonic to the total waveshape. 
Figure 11 shows four examples of a single harmonic 
added to the fundamental wave, sin wf. In each case 
sin wf is shown by a dashed line, the harmonic by a 
dotted line and the sum by a solid line. Notice that, in 
the case of the odd-numbered harmonics, the negative 
half waves of the sums are negative reproductions of 
the positive half waves. This is only true for odd- 
numbered harmonics. The phase of the odd harmonic 
determines whether the harmonic tends to flatten or 
sharpen the peaks of the resultant wave, as indicated in 
Fig. 11. Even-numbered harmonic components distort 
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O° phase 


Even harmonic 
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Fig. 11—Effects of even and odd harmonics and waveform. 


the pattern of the negative half cycle relative to the 
positive half cycle. Even-numbered components in 
phase with the fundamental wave add a left handed- 
right handed character to successive half cycles and 
even-numbered components 90 deg out of phase with 
the fundamental cause peaking of one half cycle and 
flattening of the other. 

When harmonic components are added analytically, 
the result is usually an infinite series of terms and it 
is often helpful to add a few terms graphically to look 
for a suggestion of the form of the sum. Then a search 
of handbooks may provide an infinite series or trigo- 
nometric identity that will aid in reducing the infinite 
series to a simple mathematical form. 


Control System Analysis 


Control System Gain Function. A knowledge of the 
form of some common gain functions and how they 
are deduced is necessary to the use of Fourier analysis 
in system design. 

In the discussion that follows, it must be remembered 
that a “system” is assumed to be a collection of linear 
devices which amplifies or attenuates any harmonic 
component of the input signal and possibly shifts its 
phase but does not alter its frequency. Also, the gain 
at any frequency is constant for all signal amplitudes 
and is unaffected by the presence of other signals in the 
system. The word “system” is used here to mean either 
a complete control system or a part of one. 

Figure | illustrated the idea that the effect of a 
control system can be thought of as the changing of 
the amplitude and shifting of the phase of each harmonic 
component of the input signal. Throughout this section 
therefore, the magnitude-phase form of the Fourier 
series will be used rather than the sine-cosine form. 

Figure 12 shows an example of the prediction of 
the output of a system from a knowledge of its gain 
function and the input. The system shown has a phase 
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shift of —90 deg at all frequencies and a gain that is 
inversely proportional to frequency. This is shown 
graphically in Fig. 12c. The given input (A ) is a square 
wave which is resolved into its Fourier series compon- 
ents, A,, A», Ax, etc., by any of the means discussed 
previously. Using the system gain function as stated in 
the block at (b) or drawn in the diagram at (c), the 
output harmonic components, B,, B., B,, etc., are 
determined. These components are then added to give 
the desired information — the output wave (B). Notice 
that, since the input contained only odd-numbered 
components, the output wave has the characteristic 
half-wave symmetry of odd harmonic contributions. 

Another interesting point is that the output is the 
time integral of the input. Thus the gain function of 
this system is the gain function of an integrating device 
This will be discussed later. 

System Gain Function from Tests. The system gain 
function for any device may be determined by test or 
by analysis. In the test procedure, the most commonly 
used technique is to apply a sinusoidal input to the 
system and measure the output amplitude and phase 



































Frequency 
(c) 


Fig. 12—Example of the prediction of the output of a system 
from a knowledge of its gain function and the input. 


rhis procedure is a simplification of the test method 
for determining system characteristics as shown in 
Fig. 3. In this case, however, there is only one harmonic 
component (during any particular test run) in the 
input and the output waveforms; so one point on the 
system gain and phase characteristic curves is deter- 
mined by each test run. This test is repeated at a 
number of frequencies to determine the system gain 
and phase curves. 

System Gain Function by Analysis. Deducing the 
system gain function by analysis is easily accomplished 
by an algebraic process that is equivalent to solving 
the system differential equation for the steady-state 
sinusoidal input case. This method is a paper-and-pencil 
equivalent of the test method described above. 

To determine the system gain function by analysis, 
the following detailed procedure is used: 

a. Write the time differential equation relating input 
to output. 

b. Substitute the algebraic term (jo) for the opera- 
tion d/dt, (jw)* for d?/dt*, 1/jw for fdt, etc. 

c. Solve the resultant equation for output/input as a 
function of » where o frequency in radians per sec. 

d. Convert from complex form to magnitude-phase 
form and plot the results. 

The symbol j is used here as an abbreviation for 

| and a knowledge of some of its attributes is a 
prerequisite for the demonstration that follows. Since 


\ —1, the following useful identities are true: 


A useful manipulation is that of removing j from the 
| denominator of fractions by multiplication by the “com- 


| plex conjugate.” In the following, (B — jC) is the com- 
| plex conjugate of (B + jC). The complex conjugate of 
|a function is the same expression with the sign of the j 
|term reversed. 

| To illustrate, assume that 4/(B jC) is a given 
|quantity and it is desired to eliminate j from the 
denominator. To do this, both numerator and denomina- 
itor are multiplied by (B — jC) to give: 

1(B — jC) 1B — jAC 
(B + jC)(B-— jC) B — jBC + jBe 


1B pA 
( B+C 


The operator j can be used in an algebraic shortcut 
‘to calculus operations involving sinusoidal time func- 
|tions. From the following: 

d/dt (sin wt) w [sin (wl + 2/2) 
d?/d@ (sin wt) w sin wl w [sin (wl + 7) 


d®/dt® (sin wt) w' COs wl w? [sin (wl + 32/2 


w COS wl 


jit can be seen that each differentiation of sin wf is equi- 
| valent to multiplying sin wt by » and adding a phase shift 
lof + 2/2 radians or 90 deg. In the case of a sinusoid, 
|a phase shift of 180 deg is the same as multiplying by 
'—1 and, as can be shown (by equations relating 
e’*' e’*' sin wt and cos wf), a phase shift of +90 
\deg is the same as multiplication by \/—1 or j. There- 
fore, d/dt can be replaced by multiplication by jo if 
ithe differentiated quantities are sinusoids of » frequency. 
It can be similarly demonstrated that f dt can be re- 
|placed by multiplication by 1 /j under the same stipula- 
|tions. 

Example of System Gain Function by Analysis. Now 
ithat the tools are at hand, an example of the analytic 
iderivation of a system gain function will be given. 
| Figure 13 shows a system that couples two shafts. 
‘The shafts are connected by springs and the output 
ishaft is coupled to the machine frame (ground) by a 
\viscous damper. This is a diagrammatic representation 
lof a long elastic shaft with viscous bearing friction 
idriving a pointer where K is the spring constant in units 
lof torque per unit of displacement and F is the damper 
icharacteristic in units of torque per unit of output shaft 
speed. The shaft inertias are assumed to be negligible. 
|At all times, the sum of the spring coupling torque and 
ithe viscous damper torque must be zero*, thus 


Ak @ 9,,) F dé, /dt 0 


varies as a sinusoid of « 
jo, the equation becomes 


Assuming that 4 
land that d/dt 


frequency 


A © 6.) kya () 


A A 


|From which 


| 
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}which is the system 
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convert this into a more usable form, multiplication by 
the complex conjugate is employed: 


Fw 
Jk 


OHO 


| When the gain function is in this form: 
JB (11) 


| the magnitude and phase shift at any frequency are 
| determined as follows: 
Magnitude VA?+B (12) 


Phase shift are tan B/A (13) 


In this case, 


and B 


so that 


Magnitude 


Phase shift are tan ( 


Fw/K ) tan 
I 


| To visualize how these forms arise, 


can be rewritten as 
9 
| and if 


then 


but 
B sin” t 


so that 
0 1 cos wl B sin wl 
Therefore 6, is the sum of two sinusoids. By trigono- 


metric identities it can be shown that 


1 cos wl B sin wl \ \ 1? cos (wl o) (16) 


where 


But 
cos wt = 6 
[Therefore Eq (16) states that 6, has a magnitude that 
is \ A* + B* times that of 6; and is shifted from it by a 
phase angle 0. This verifies Eqs (11), (12) and (13). 
| The plot of Eqs (14) and (15) is given in Fig. 14. 
Notice that at low frequencies the output follows the 
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Fig. 13—System coupling two shafts. Shafts are connected by 
springs and output is coupled to machine frame by a viscous 
damper. 
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Gain function of system shown in Fig. 13 


Fig. 14 


input and at high frequencies it falls behind and lags 
by 90 deg. 

The Transfer Function. In servomechanism analysis 
the system gain function is called the “transfer func- 
tion” and is drawn in either logarithmic or polar form. 
In this article the emphasis is different from that of the 
usual servo approach and readers who are familiar with 
the transfer function forms may benefit by comparing 
them to the gain functions used in this article 

Some system gain functions are basic building blocks 
for many involved systems and are useful in developing 
a feeling for system signal characteristics as implied in 
gain functions. These will be discussed in the following 
paragraphs 

Gain Function of an Amplifier (K). A gain function of 
K indicates that a device has an output which ts directly 
proportional to its input at the same ratio at all fre 
quencies since K is a number and is not a function of « 
If K is a positive number, the phase shift is zero at all 
A gear box, a linear amplifier, a spring 
whose input is a force and whose output is a displace 
ment, and an attenuating network all have a gain tunc- 
tion of K. Figure 15a shows the gain function K in 
graphical form and Fig. 15b shows the input-output re 
lationship for a sinusoidal input signal of any frequency 
and K 0.5. In Fig. 15 and the succeeding figures, 4 
and 4, represent input and output signals, respectively 
Shown dotted in Fig. 15b is the curve for 6, if K 

0.5, a 180-deg phase shift. Figure 15c shows the 
output that results from a suddenly applied step input. 

Gain Function of a Differentiator (j..). Since multi 
plication by jo is equivalent to differentiating with re 
spect to time in the case of sinusoids, differentiating 


frequencies. 
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Fig. 15—Gain function K and responses to it. 
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Fig. 16—Curves and responses for gain function of a 
differentiator (jw). 
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Fig. 17—Gain function of an integrator (1/jw). 

devices have the gain function (jw). A tachometer whose 
output is proportional to input shaft speed (speed 
time rate of change of shaft displacement), a speed- 
ometer, and a centrifugal pump are all examples of 
differentiators that can be approximated by this gain 
function 

Figure 16a shows the gain function of a differentiator. 
The magnitude is proportional to frequency and the 
phase shift is fixed at +90 deg. An examination of the 
sine wave response in Fig. 16b shows why this is so. 
The output, @,, is the first time derivative (i.e., speed 
or velocity) of the input, 6;. Another way of looking at 
this is to say that the output is the slope of the input 
waveform. As a result, the output is zero when the input 
is at a Maximum or minimum, and is a maximum or 
minimum when the input waveform is steepest (when 
the input is zero). Consequently, the output is a sinu- 
soid that leads the input at a phase angle of 90 deg 
(+/2 radians). If the input frequency were increased, 
the input waveform would become steeper, so the out- 
put amplitude would increase. Figure 16c shows the 
step response of a differentiator. The output is zero 
except at the moment the step is applied, and at that 
moment the output is infinite. Obviously no physical 
device could be a perfect differentiator since infinite 
output is not physically possible. 

Gain Function of an Integrator (1/jo). The gain 
function of an integrator, a device whose gain function 
is proportional to 1/jw, is shown in Fig. 17a. Clocks, 
motors and hydraulic power cylinders are examples of 
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integrators, as 1s any device whose output is propor- 
tional to the product of the input signal amplitude and 
the time that the input signal is applied. Since the gain 
function of an integrator is the reciprocal of the gain 
function of a differentiator, the output Jags the input by 
90 deg and the output magnitude is inversely propor- 
tional to frequency. Figure 17c shows that, for a fixed 
step input, the output increases at a fixed rate or slope. 
If the input step were halved, the output slope would 
be halved. 

Gain Function of a Simple Lag Circuit, | /(jo7 + 1). 
The gain function of a simple lag circuit is shown in 
Fig. 18a. This is the gain function of many transducers 
such as thermocouples, thermometers, meter movements 
and simple dampers. The step response of Fig. 18c 
shows the physical character implied by this gain 
function. The output follows changes in the input but 
takes some time to catch up to sudden input changes. 
[he output step response follows an exponential curve 
and a measure of the speed of response is +, a fictitious 
amount of time which would be required for the output 
to respond to a sudden input change if it continued to 
respond at its initial rate. This time, 7, is often called 
the “time constant.” In the first few moments after a 
step input is applied, the output rises almost linearly— 
like the integrator of Fig. 17. Thus, the gain function 
1/(jor + 1) can be thought of as an imperfect inte- 
grator. Comparing Figs. 17a and 18a shows that at high 
frequencies the simple lag circuit is equivalent to an inte- 
grator, but at low frequencies it has a constant gain 
instead of the infinite gain of an integrator. 

Gain Function of a Simple Lead Circuit, jo /(jor + 1). 


Figure 19 shows the gain function of a simple lead 
circuit. This gain function is a better representation of 
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18—Gain function of a simple lag circuit [1/(jwr+1)). 
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most physical differentiators than the jo gain function 
discussed previously. This fact is demonstrated in Fig. 
19c, where the response to a step is a spike of finite 
height and some width. As in the simple lag circuit case, 
the step response is an exponential function whose 
initial output rate would lead to reaching the final out- 
put value in time ;- if it were sustained. As can be seen 
in the gain function plot of Fig. 19a, the low-frequency 
response of this gain function is that of a differentiator. 
The sinusoidal response has a lead angle approaching 
10 deg and a maximum output amplitude equal to the 
input amplitude. 

The above gain functions are often combined in an 
elaborate control system. If two or more devices are 
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Fig. 19—Gain function of a simple lead circuit [jw/(jwtT+1)] 





sssanaaninnennesieinatninneaia 
5 
Gain-B 


Phase shift =6 


Gain=A 
Phase shift=¢ 


























Fig. 20—Effect of gain functions of combining devices 





cascaded as shown in Fig. 20, their combined gain 
function is the product of their gain functions. The 
product of two gain functions has, at each frequency. 


Applications of 


Filters: Filter design can be aided by Fourier analysis. 
Figure 21a is a block diagram of a d-c power supply 
The a-c input is rectified and then filtered to form a 
d-c output. The magnitude of the gain function of the 
ripple filter in a power supply is shown in Fig. 21b. To 
move the curve to the left to decrease the gain at high 
frequencies and therefore filter out the ripple more 
effectively requires, in general, a physically larger filter. 
Figures 21lc, d and e show that various rectification 
schemes have different filtering requirements. Keeping 
the principles of Fourier analysis in mind, a visual 
examination of the three waveforms shows immediately 
that the ripple frequency is doubled in going from half- 
wave to full-wave rectification and multiplied by six in 
going from half-wave to full-wave, three-phase rectifi- 
cation. A reduction in ripple amplitude with full-wave 
rectification can also be observed and the reduction in 
the first harmonic (the largest frequency component) 
can be appraised. The decision between filter size and 
rectification complexity is helped by a rudimentary 
Fourier analysis. 

Servomechanisms have a gain function that is very 
similar to the gain function of a low-pass filter and 
recognition of this fact has permitted a great deal of 


























me > 


Fig. 21 


Characteristics of power-supply rectifiers 


a magnitude that is the product of its component mag- 
nitudes and a phase that is the sum of its component 
phase shifts. 


Fourier Analysis 


filter analysis to be applied directly to servomechanism 
design. The frequency at which low-pass filter gain 
begins to drop off—*cut-off frequency”—is called “fre- 
quency response limit” in servomechanism design. 

Modulation. Amplitude modulation consists of vary- 
ing the amplitude of a carrier wave in order to trans- 
mit signal information; whereas frequency modulation 
consists of varying the frequency of a carrier wave for 
the same purpose. The results of a Fourier analysis of 
these two modulation methods are shown in Fig. 22. 
Figures 22a and 22b show the carrier and modulating 
signal, respectively. Figure 22c shows the waveform that 
results when the signal modulates the carrier. 

Many differences between the two modulation 
schemes are apparent from a plot of harmonic com- 
ponent magnitude vs frequency. Such a plot is called 
a “frequency spectrum” or “Fourier spectrum.” The 
Fourier spectrum of the two modulated carriers is 
shown in Fig. 22d. The Fourier spectrum of the AM 
wave contains three components; the FM wave has 27* 
components of appreciable magnitude. Since the fre- 
quency components are spaced from each other by the 
signal frequency, »,, in each case, FM requires a much 
wider bandwith than AM. In each case, the separation 
between adjacent spectral lines is »,. As a result, the 
span of frequency used, bandwidth, is proportional to 
signal frequency. In the AM case, signal strength has 
no effect on bandwidth. In the FM case, bandwidth is 
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Fig. 22—Results of Fourier analysis of AM and FM. 
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proportional to signal strength. Therefore, an improp- 
erly tuned FM receiver would have more distortion at 
large signal amplitudes than at small signal amplitudes. 
In the AM case, improper tuning would produce equal 
distortion at any signal amplitude. In the AM case, 
signal amplitude affects the amplitude of the Fourier 
components but in the FM case, the main effect of 


signal amplitude is to affect the bandwidth. As a result, 
varying the strength of the modulated carrier has almost 
no effect on the loudness of FM signal reception but 
has a large effect on the loudness of AM signal re- 
ception. This is the main reason that FM is used in 
mobile radio applications where the received signal 
strength varies radically from one location to another. 


Continuous Fourier Spectrum 


It is possible and useful to extend the Fourier analysis 
technique to cover functions of time that occur only 
once, such as an isolated pulse. Non-repetitive functions 
have Fourier spectra that are smooth curves instead of 
an array of lines. They are called “continuous Fourier 
spectra.” To find the continuous Fourier spectrum for 
a waveform that is non-repetitive, and to find the func- 
tion if the spectrum is given, requires either complex 
number integration or limit processes. However, the 
basis of the technique is easily explained as an extension 
of the previous discussion, “Waveform Analysis and 
Synthesis.” 

Figure 23 shows how the continuous Fourier spec- 
trum of an isolated pulse can be developed by treating 
the pulse as a limiting case of a periodic rectangular 
wave. Figure 23a shows a chain of pulses and its 
Fourier spectrum as determined by one of the methods 
described previously in the waveform analysis and syn- 
thesis section. Figure 23b shows the result of doubling 
the period but leaving the pulse height and width un- 
changed. The zero frequency component, which is the 
average value of the wave, is now halved. The increase 
in periods has decreased the frequency of the first har- 
monic component and the Fourier spectrum of the pulse 
chain is now more populated but has the same envelope. 
In Fig. 23c the doubling of period has been continued 
and the results are similar. If this process were con- 
tinued indefinitely, the Fourier spectrum of an isolated 
pulse would result as shown in Fig. 23d. There is a 
zero value of the Fourier spectrum at zero frequency, 
but immediately after zero the chain of harmonic com- 
ponents of infinite density begins. Since in the limit, as 
T becomes infinite, the spacing between harmonic fre- 
quency components becomes zero, the Fourier spectrum 
of Fig. 23d is a continuous spectrum instead of a line 
spectrum. It is possible to reconstruct the pulse func- 
tion from the continuous spectrum of Fig. 23d, but since 
an infinite number of components must be added to do 
so, direct graphical methods are ruled out and calculus 
techniques must be used. 

The effect of varying pulse width on the Fourier 
spectrum of a single pulse is shown in Fig. 24. Figure 
24a shows a pulse and its continuous Fourier spectrum. 
If the pulse is widened as in Fig. 23b, the spectrum is 
narrowed. Consequently, an amplifier with a limited 
bandwidth will be able to amplify a wide pulse with less 
distortion than a narrow pulse. Pulse width and re- 
quired bandwith are reciprocals. Figure 24c shows the 
extreme case of a pulse of zero width which has a 
Fourier spectrum that is a constant amplitude at all 
frequencies. 
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Fig. 23—Development of the continuous Fourier spectrum of 


an isolated pulse 

















Fig. 24—Effect of varying pulse width on the Fourier spectrum 





Pulse Amplifiers. Referring back to Fig. 23d, a pulse 
of width D requires a bandwidth of 27/D to 4r/D 
radians per sec (1/D to 2/D cycles per sec) for fairly 
accurate reproduction or transmission. This bandwidth 
is from zero frequency to the value stated. However, 
if the pulse is a chain of pulses repeated every T sec- 
onds, the frequency spectrum becomes a line spectrum 
such as shown in Fig. 23c instead of the continuous 
spectrum of Fig. 23d and the lowest frequency is 1/7 
radians per sec (except for the zero frequency com- 
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(b) Pulse shape after amplification by amplifier 
of bondwidth 2 #/D radians /sec (r= D/2m 
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(c) Pulse shape after amplification by amplifier 
of bandwidth 4w/D radians /sec (1 =D/4m) 
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Fig. 25—Distortion of a pulse by a broadband amplifier with 
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a gain function of the type shown in Fig. 18 
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Fig. 26—Aniticipatory transients in a pulse amplifier. 


100 


ponent). If the amplifier does not transmit the zero fre- 
quency component, the output waveform is displaced 
vertically, but the waveform is unchanged. 

The distortion of a pulse by a pulse amplifier is illus- 
trated in Fig. 25 for two bandwidth cases: a bandwidth 
of 27/D radians per sec and a bandwidth of 47/D 
radians per sec where D is the pulse width in seconds. 
In Fig. 25 the gain function of the broadband amplifier 
is assumed to be of the shape of Fig. 18. Figure 25a 
shows the original pulse shape. Figures 25b and 25c 
show the pulse shape after amplification. The time con- 
stant, r, of Fig. 18 has a value of D/2z sec in Fig. 25b, 
and in Fig. 25c the value of + is D/4z sec. 

Anticipatory Transients. The pulse amplifier of Fig. 
25 had a gain function such that the drop in gain as 
frequency increased was a gradual curve. It is some- 
times advantageous, however, to add resonant circuits 
to a broadband amplifier so that the gain function is 
“flat” (constant) to a higher frequency than it would 
be without the resonant circuits. Making this change 
causes the drop-off in gain to be steep and almost abrupt 
at one frequency. Figure 26 shows what happens to 
the output pulse in such a case. Figure 26a shows that 
the input pulse to an amplifier with a sharp cut-off at 
a particular frequency is distorted to contain ringing 
when it appears in the output stage. Figure 26b shows 
a Fourier spectrum analysis of the action of the am- 
plifier. It is apparent from Fig. 26b that the amplifier 
has severely attenuated the high-frequency components 
of the input pulse. An accurate analysis would show, 
however, that the output Fourier spectrum of Fig. 26b 
is the spectrum of the pulse of Fig. 26c, not the pulse 
of Fig. 26a. The difference between these two outputs 
is that Fig. 26c contains some transient wiggles in the 
output that occur before the input pulse started! In 
other words, part of the output of Fig. 26c anticipates 
the input pulse. This “anticipatory transient,” as it is 
called, cannot occur in a real system since an amplifier 
is not a spiritual medium, but the anticipatory transient 
does have an explanation. Fourier analysis is based on 
the resolution into components of a repetitive waveform 
that is a steady-state wave; i.e., that has been repeating 
itself for a long time. In Fig. 26a this stipulation does 
not hold since the pulse input is the first of a series of 
pulses of infinite time period. Figure 26c, on the other 
hand, shows the output of the amplifier after many 
cycles (of infinite period) have transpired. 

This effect can be seen on television. Even though 
the television picture is formed by modulating an elec- 
tron beam that paints the picture one line at a time 
from left to right, an abrupt contrast in the picture such 
as a flagpole against the sky or a dark suit lapel against 
a white shirt may result in a series of light echos just 
before (to the left of) as well as just after (to the 
right of ) the line of contrast. This is caused by a steady- 
state repetition of the pulse (that accompanies the flag- 
pole or lapel) set up by the repetitive scanning of the 
picture and the limited frequency band pass of the video 
amplifiers. These conditions combine to give the situa- 
tion shown in Fig. 26b and produce the anticipatory 
transients of Fig. 26c. 

Ringing Circuits. Another example of the application 
of Fourier analysis is in ringing circuits. These are 
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amplifiers or attenuators that have a very high gain 
(resonance) at one frequency. Figure 27 shows the 
action of such a circuit. Figure 27a outlines the result 
of the ringing amplifier; i.e., to produce a sinusoidal 
output at a different frequency from an input chain of 
pulses. Figure 27b shows the Fourier analysis of the 
amplifier’s behavior. The input pulse chain has an array 
of harmonic components as indicated at the left. The 
gain of the amplifier is high at a resonant frequency, f,, 
and low at all other frequencies. As a result the output 
is almost solely the amplified resonant frequency com- 
ponent of the input waveform. By varying either the 
resonant frequency of the amplifier or the pulse width 
so that the resonant frequency occurs at a null such as 
f, in the input spectrum, it is possible to obtain zero 
output. If several ringing amplifiers are tuned to differ- 
ent frequencies and all have a common input signal, it 
is possible to select resonant frequencies so that only 
one amplifier will have an output for each of several 
preselected pulse repetition frequencies. Since a pulse 
of zero duration contains all frequencies, a very short 
pulse will cause any ringing amplifier to produce a 


sinusoidal output. In such a case, the existence of nor- 
mal amounts of damping in the amplifier will cause the 
output to decay to almost zero in 5 to 50 cycles. 
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Fig. 27—High gain at one frequency in a ringing amplifier 
causes high output at that frequency. 


Control System Response 


Determining Transient Response From Frequency 
Response. In order to translate from frequency to tran- 
sient response and vice-versa, it is necessary to know 
the harmonic components of a displaced square wave 
with a fair degree of accuracy. These are plotted in 
Fig. 28. Notice that the zero frequency component has 
a value of A/2 (the average value of the displaced 
square wave), that the phase of each harmonic com- 
ponent is zero, and that only the zero and odd-num- 
bered harmonic components exist. The exact values of 
the harmonic component magnitudes are as follows: 
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To determine the transient response of a system if 
the frequency response is known, a fictitious experiment 
is performed. Imagine that the input to a system is a 
displaced square wave and that the system gain func- 
tion is known. This situation is illustrated in Fig. 29a. 
The output waveshape shown can be determined from 
the input waveshape and the system gain function. The 
technique, as described previously, is to resolve the 
input wave into its harmonic components, multiply each 
by the system gain while shifting it in phase as dictated 
by the system gain function, and finally sum all the out- 
put harmonic components so modified. 

Figure 29b shows the usual transient response case, 
the step response. The input to the system is a step at 
time zero and it is desired to know the output wave- 
form. The input is not periodic in this case and there- 
fore has an infinite number of harmonic components. 
Consequently, the output cannot be easily calculated 
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until a simple approximation is made. Compare Figs. 
29a and 29b. In both cases input and output are zero 
just before time zero and the same size step is applied to 
each input at time zero. Thus the step response of 
Fig. 29b is the same as the first half cycle of the out- 
put response to the displaced square wave input as 
shown in Fig. 29a. Therefore, the readily calculated 
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Fig. 28—Harmonic components of a displaced square wave 
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Determining transient response from frequency re- 
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Fig. 30—Determining frequency response from transient re- 
sponse 


response of Fig. 29a gives the desired response of Fig. 
29b during the first t; seconds. This technique is easily 
used to find the step response of any system whose gain 
function is given. Care is necessary, however, in the 
choice of the period of the displaced square wave. If 
the period is too short, as in Fig. 29c, the output will 
not reach steady state (quiescence) within a half cycle 
and results will be useless. If the period is too long, as 
shown in Fig. 29d, an unnecessarily large number of 
harmonic components must be calculated, increasing 
the work required for a solution. : 

A reasonable frequency for the square-wave cycle is 
typically one eighth the resonant frequency (or, if there 
is NO resonance, one eighth the cut-off frequency) of the 
system gain function. The zero and the first through the 


twenty-fifth harmonics should be calculated (odd har- 
monics only) for a reasonable step response approxima- 
tion. This total of fourteen harmonic terms is not as 
oppressive as first appears, since many of the calcula- 
tions involved are reused in every such analysis. 

Shown dotted in the output waveform of Fig. 29d is 
the Gibbs phenomenon which often comes up in this 
method of prediction. The dotted peak is easily recog- 
nized and ignored, however, since it is of much shorter 
time duration than half the ripple period—usually about 
one quarter the ripple period. 

Determining Frequency Response From Transient 
Response. To determine the frequency response of a 
system if the transient response is known is a somewhat 
delicate procedure because small changes in the tran- 
sient response are equivalent to rather sizable changes 
in the frequency response. Consequently, it is essential 
that the test data used as the transient response be very 
accurate. It is assumed in this method that the control 
system was linear throughout the transient response test. 

Figure 30a shows the data that is known from a 
transient response test. An input step signal applied at 
time w produced the output indicated. At time x the 
output was within 3 per cent of its final value. The 
procedure used is to replace the output and input 
shown by corresponding periodic waves which can be 
readily analyzed. This construction is shown in Fig. 30b. 
At time x both input and output waves are assumed to 
return toward zero from their values at time x during 
the time period x-y in the same manner as they rose in 
the time period w-x. Thus the waveforms of Fig. 30b 
are constructed so that both input and output wave- 
forms are repeated in alternate inversions in the equal 
time periods between w, x, y, z, etc. The determination 
of the system gain function from the wave forms of 
Fig. 30b is calculated as described before and illus- 
trated in Fig. 3. Notice that the waveform of Fig. 30b 
is the displaced square wave previously analyzed. 


For Further Study of Fourier Analysis. An introduc- 
tory treatment of Fourier analysis is contained in Chap- 
ter 10 of Mathematical and Physical Principles of Engi- 
neering Analysis by Walter C. Johnson, McGraw-Hill 
Book Co., New York, 1944. 


A more advanced treatment of the subject with exam- 
ples in the tield of communications is contained in the 
first five chapters of Frequency Analysis, Modulation 
and Noise by Stanford Goldman, McGraw-Hill Book 
Co., New York, 1948. 


A rather complete table of Fourier series and 
Fourier spectrum analyses of common functions is given 
in chapter 35 of Reference Data for Radio Engineers, 
4th Edition, published by Federal Telephone and Radio 
Corp., New York, 1956 (now International Telephone 
and Telegraph Corp., Components Division, Clifton, 
M.D}. 
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Meter Indicates 
iode Reverse Recovery Time 


1 meter technique for diode reverse re- 
covery time measurement eliminates the 
need for an oscilloscope. Technique is 
applicable to other transient response 


measurements, 
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also be used for other transient response measurements. 
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Fig. 1—Diode reverse recovery time measuring system. 
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System Analysis 


The measuring circuit produces an output pulse, the 
duration of which is equal to the reverse recovery time 
of the test. A calibrated 


microseconds actually measures current 


in 


of 


milliameter 
the 
the pulse which is proportional to the pulse duration. 


diode under 


average 


Figure | is a block diagram of the system. The pulse 
generator is synchronized with a crystal-controlled oscil- 
lator to maintain a square-wave output with a constant 
frequency. The test diode in the recovery circuit is driven 
by the output of the square-wave generator. The output 
of the recovery circuit is amplified and inverted by a 
wide-band amplifier. A cathode follower is used after the 
amplifier to prevent loading of the amplifier output cir- 
cuit by the input circuit of a voltage comparator. In the 
voltage comparator circuit a constant-amplitude, rectangu- 
lar pulse is produced by every recovery wave form, with 
the duration of the pulse equal to the recovery time of the 
diode under test. In the meter circuit the meter gives an 


average reading of current during the pulses, 
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Fig. 2—Waveform obtained from the recovery circuit is 
shown at (A). Shown at (B) is the output pulse of the voltage 


comparator. 
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Fig. 3—Diode recovery test circuit. 
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From Eq (1), tree can be expressed as: 
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Ihe wave form obtained from the recovery circuit is 
shown in Fig. 2a, the output pulse of the voltage com- 
parator in Fig. 2b. The value of the specified current 
(Ignec) can be adjusted in the voltage comparator circuit. 

Pulse Generator. The recovery time reading (t;ec) 
is a direct function of the pulse repetition rate or fre- 
quency [see Eq (2)]. To avoid error, it is convenient 
to synchronize the pulse generator with a high-stability, 
crystal-controlled oscillator. 

Recovery Circuit. The measurement system may 
use any of several recovery circuits, but preference is 
given to those which may have a one-polarity output 
signal. The reasons for using this type of circuit are 
explained later. 

Figure 3 shows the recovery circuit used in the experi- 
mental equipment. This is essentially an adaptation of 
the circuit designed by the IBM Watson Laboratory.* 
The forward current flows through thermionic diodes 
DI and D2. with diode D3 conducting only during the 
reverse biasing of the test diode. If the contact potential 
of D3 is not neglected and a small current exists during 
the forward biasing of the test diode, a slight negative 
voltage should be applied between ground and the 2 
K ohm sensing resistor. The negative-going output signal 
will now have an accurate zero reference. 

The Wide-Band Amplifier. The accuracy with 
which the width of the pulse produced by the voltage 
comparator circuit compares with the recovery time of 
the diode under test at a specified current depends on 
the steepness of the wave form driving the comparator 
circuit. A high (dV /dt) value of steepness was obtained 
by using an amplifier with a frequency range broad 
enough to permit distortionless amplification. In the 
experimental circuit, the vertical amplifier of a Tektronix 
+14 oscilloscope was used. This has a band width of 
10 me. adjustable gain. and an output range of 50 to 
60 volts necessary to drive the comparator circuit. Either 
polarity of output is available. since it is taken from the 
deflection plates of the C.R.T. However. only the positive 
signal was taken for the experimental circuit. Using the 
oscilloscope’s vertical amplifier permitted monitoring the 
transient response of the diode while the meter was being 
read. In this way a comparison was made between the 
data obtained by the two measurement methods. Be- 
cause the vertical amplifier of the oscilloscope has a 
high-impedance output, a high-input-impedance cathode 
follower was used to avoid loading. 

\ separate wide-band amplifier could be used. This 
may be combiued with a cathode-follower circuit. The 
requirements of the wide-band amplifier are as follows: 

1. Input impedance: R 

2. Voltage gain: 20-35 db 


3. Frequency range: minimum 10 ke to 10 mi 


100 K ohms: ¢ 10 pul 


1. Output impedance: less than 500 ohms 

Cathode Follower. The cathode follower is the 
actual input stage of the measuring system. This particu- 
lar circuit was used because of the importance of line- 
arity of the input-output voltage relationship. Non- 
linearity can create a serious error in measurement. If 
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Fig. 5—Circuit diagram and 
calibration curve for plate- 
grid coupled bistable multi- 
vibrator. The input signal 
should be positive. When 
both sections of Vo are off, 
Vs is on. 


Oscilloscope 


a 6L6 tube is used in triode connection with a 200-volt 
plate supply, the required linearity in the positive input 
region is maintained. 

Voltage Comparator. [he ideal 
parator is a circuit which has an input-output character- 
istic like that shown by the solid line in Fig. 4. 

If the input voltage (V;,) is smaller than the limit 
the output voltage is a constant, V,. If 


voltage com- 


voltage (V,,). 
the input voltage is increased above | ,,,, the output 
voltage will have a sudden increase to a constant, V 

Therefore. the output voltage will always be a rectangu- 
lar pulse for any time-function of the input voltage. The 
duration of the pulse will be determined by the interval 
during which the input voltage is greater than the limit 
voltage. This characteristic of the voltage comparator is 
used for measuring recovery time. 

The usual problems with this circuit are: 

1. Obtaining a steep transition from 1, to V. with 
minimum change of input voltage. 
2. The hysteresis of the V ;,—} 
dotted line in Fig. 4). with the transition from one 
state to the other being a function of the direction of 


characteristic (the 


the change of the input voltage. 
4 oe 
3. Instability of the | 
1. Instability of the voltage difference | V.. Here 
stability is less necessary because a constant-amplitude 


voltage value. 


pulse can be obtained by using a clipping or limiting 
stage. 

There was an additional problem in applying the type 
of circuit used here. Because the minimum value of pulse 
width chosen was 0.1 psec, the maximum value of rise 
and fall time could not exceed 0.05 psec. Therefore. it 
was necessary to use low values of plate load resistance 
(1 to 2 K ohms) in the tube circuitry. This reduced the 
value of the time constants and in turn decreased the 
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Bias for adjustment of the turn on level of Vo 
(Adjustment of the specified current) 


rise-time and the fall-time of the circuit. In most circuits 
in which this type of voltage comparator is used, a 
regenerative action takes place which is a function of 
the loop gain of the circuit. With the low values of plate 
resistance used, the loop gain was less, although high- 
current, high-transconductance tubes were used. 


Typical Voltage Comparator Circuit Types 

Three circuits were developed and tested, each of which 
produced a rectangular pulse with a duration equal to 
the recovery time at a specified current: 

|. The plate-to-grid coupled bistable multivibrator (see 
Fig. 5 for circuit diagram and calibration characteristic ) . 

2. The Schmitt trigger circuit, a cathode-coupled bi- 
stable multivibrator (see Fig. 6). 

3. The 6BN6 gated-beam circuit (see Fig. 7). plus a 
modified 6BN6 circuit. 

The bistable multivibrator circuits have an advantage 
in that a higher output voltage is available. However. 
they have certain disadvantages: the circuits are complex. 
circuit values are critical, power consumption is high (all 
triodes are type 5687 tubes with both sections connected 
in parallel) and there is a hysteresis effect. although it 
can be cancelled at a sacrifice of loop gain. 

The 6BN6 circuits have the advantages of being simple. 
less critical, and having lower power requirements and 
no hysteresis. 

All the voltage comparator circuits described have 
characteristic values of “turn-on” voltage. By applying 
different values of d-c bias in series with the input sig- 
nal, the signal level at which the turn-on occurs can 
he adjusted. The voltages at the input of the voltage 
comparator are shown in Fig. 8 


The terms appearing in Fig. 8 are defined as follows: 


Visas: the bias voltage for adjusting the level of the signal to 
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Fig. 6—Schmitt trigger cireuit and 
calibration characteristics. Input sig- 
nal itive. With x I 

D should be positive Wi 10 aia 
signal, T, ix off and Te is on. 





ym operation in the cut-off region to conduction by 
positive pulse applied to the grid. 

Various metering circuits were designed and tested for 
le experimental equipment. The metering stage used 
with the bistable multivibrator is shown in Fig. 5. The 
stage is normally cut off because of a 20-volt bias 
ipplied to the grid of the 56087. Current is metered in 
the plate circuit when the tube is driven from cut-off 
to conduction by a positive input signal. 
This circuit has a disadvantage in that the time-current 
relationship at the meter will not be linear if the tube 

driven into operation in the grid current region. For 
each change in the pulse width of the input there will 
be produced a corresponding change in the value of grid 
bias. The change in bias voltage occurs because of the 

e constant of the input circuit. in which C, will charge 

ough the grid-to-cathode resistance (R,,) if the input 
signal has sufficient duration. For instance. if R 100 


andl ¢ 0 Ol uf 
Since 


pulse” & - mah ls oF W ; atin R4 10 10 10 Sor 

and : as diff it diod re tested). th input voltage is more than 2 volts and the pulse 
width sec, the increase in bias will be approximately 
trailing edge. li be less error betwee h ith 2 yolts. When grid current ceases. C, will discharge 


of the input-output erid resistor R,. The time constant will be 


calculating the value 

10 SOC 10) usec 
| } 

ni greater than the usual pulse repetition 
The OBN6 gated-beam tube has » hysteresis, ) I ' of 20 psec. Therefore. the capacitor has a 
source of error 1s not present. l-c voltage remaining which will be added to 
{ bias. To eliminate non-linearity of the 
urrent scale created by grid current. the 6BN6 
(which has no grid current) was used. The 6BN6 


as a voltage comparator and a metering 


Metering Circuit 


Phe purpose of the 
of the average 


current is n at the same time (see Fig. 7 
the plate circui lhe triode circuit does have an advantage in that high 
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Fig. 7—Circuit diagram and calibrs- 
tion curve for the 6BN6 circuit. 


average current is available to operate electromechanica 
indicating devices. However. although the OBNO has 
lower plate current, it is simpler to use. If a transistor 
ized d-c current amplifier is used at the output of the 
OBN6, the output current can be in the order of milli ( ey ' re ey doaovihod 
amperes, comparator 
| required 
Conclusions Ny pu t " bait reasonably 
Evaluation of the measurement data collected has ré wae he accura in by 
vealed the practic al features and limitations of the circuit tee ; ; bia : the mapas 
described in this report. aging cise ped 7 , n-ON and 
lL. The minimum value of recovery time that can } Sti hes aye | cannot be used 
measured with these circuits is O.] st although th : gids —_ ANNUM Powel 
recovery test circuit itself is inaccurate for these s ites seis : ‘5 v : : mitations abs low 
intervals. ' Au t yur sIstors nerally used 
2. The accuracy of measurement is reater vip sais imilar dithculties 


. mitations 
steeper region of the recovery characteristic of — 


Consequently. the minimum value of the cite 
current at which recovery time is measured 
least twice the value of the constant r verse 
the diode at the give n reverse voltage and temperature 
The maximum error of measure 
described is 10 per cent. All 
at a reverse voltage of PO volt 
obtained at / LOO wa 

3. The trend in error was nevative. ¢ pecially 
cuits in which the OBN6) eated-beam tubs 
(After calibration of the circuits and measur 


Was used 
90 to LOO diodes. the distribution was plotted. the 
mum error was determined, and the catibratio 
modified accordingly to produce a plus and 
distribution instead of a negative one Lhe 
thus reduced the total error range by one-half. 

1. The system described he re is sutlable not 


measuring the recovery time of se loonducto 
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New Hotter Motors 
Demand Thermal Protection 


The universal trend toward reduction in 
size and lowering of cost is generally 
served by the more effective use of im- 


proved materials. A direct consequence 


is a tendency toward higher allowed limits 
of equipment temperature. Motors in 
modern appliances may be worked harde: 
as a result of raised Underwriters’ heating 
requirements, and the design and applica- 


tion of adequate thermal protective 


devices for motors have become increas- 


ingly important. 


VV. G. VAUGHAN, Consultant 

A. P. WHITE, Product Development Manager 
Spencek THermostat Division 

MeTALS AND CONTROLS CORPORATION 

Attleboro, Mass. 


IN THE Past, Underwriters’ Laboratories requirements 
for Class A insulation have limited maximum motor 
winding temperature to 125 C for any running condition 
of load, and 150 C for locked rotor. For some appliances 
which do not overheat when running normally, such as 
automatic clothes washers and fans, protection is re- 
quired for locked rotor only on the basis that overheating 
on running loads is unlikely. In place of the 125 C maxi- 
mum which formerly applied to any running condition of 
load and to pull-out torque load, the requirements now 
specify 140 C maximum when running with the maximum 
load which will not cause the protector to open the circuit 
(ultimate trip).* On locked rotor, the motor now must 
not exceed a peak temperature of 200 C in the first hour 
and thereafter must not exceed a peak temperature of 
175 C. or an average temperature of 150 C for each 


L 547, “Thermal Protectors for Motors,’ December 195% 


es, Inc 


cycle. To qualify under these higher temperatures, it 
must be demonstrated that the protector and insulation 
system of the motor will not be adversely affected by them. 

The general opinion seems to be that these higher 
temperatures are safe even though the margin of ac- 
ceptable performance for abnormal conditions is reduced. 
The revised requirements permit the higher locked-rotor 
winding temperatures to apply for running overloads 
greater than ultimate trip. Incidentally, these higher tem- 
peratures as well as more rapid rates of temperature rise 
magnify the problems of temperature measurement, Tem- 
perature measuring techniques require further study to 
obtain consistent results. 

Motor Failures. In order to derive information for 
studying the possible significance to inherent thermal 
protection design and application of the new higher tem- 
perature limits. a survey was conducted of the nature of 
failures of motors under the earlier lower temperature 
limits. The study included motors that failed under ab- 
normal conditions that occur in the field but which are 
not necessarily considered when thermal protectors are 
selected and applied. The study was based on data gath- 
ered over the period 1951 to 1958 by tabulating motors 
coming in to repair shops. 

Motor failures were classified as those having winding 
burnouts, but not grounding or short circuit failures. 
The failed motors were divided into three categories. One 
was of motors using only overcurrent or “remote” pro- 
tection, in which the protective device is usually located 
away from the motor and is responsive essentially to 
motor current. A second category included motors 
equipped with built-in protectors responsive to motor 
temperature as well as current, defined as “thermal pro- 
tection.” The third category covered motors that were 
originally equipped with thermal protection but in which 
the protector had been shorted out of the circuit during 
a previous repair. 

One of the conclusions drawn from the data was that 
thermal protection reduced motor burnouts by a factor 
in the order of 75 per cent. Close to 45 per cent of the 
failed motors with protectors bypassed had burned-out 
windings as compared with 36 per cent of motors that 
never were equipped with thermal protection. This seems 
to substantiate an impression that thermal protection, 
which is applied to about 35 per cent of all small motors, 
is used most commonly for motors that most urgently 
need such protection as a consequence of their applications 
and duty requirements. 
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Table I—Peak Temperatures (in deg C) Permitted by Protector for Six Abnormal Test Conditions 


(14 hp, 115 volt, 4-pole Split-Phase Appliance Motor 





Ultimate 
trip 


Protector designed for all conditions 138 


Protector designed for Underwriters’ original limits 


122 


Protector designed for Underwriters’ new limits 139 


Stalled rotor, 


Running, 
both windings 


both 
windings, 
115 volt 


Stalled rotor, 
main winding 
only, 115 volt 


Stalled rotor, 
start winding 


115 volt only, 115 volt 


80 volt 


149 153 183 191 160 


146 183 


161 116 no trip at 220 


202 232 144 no trip at 220 | no trip at 220 





Field studies indicate that very often the starting wind- 
ings of small motors fail first, and in failing they damage 
the main winding to the extent that a motor may be 
classified as “burned out, all windings.” For instance, in 
the first two categories of motor failures described in 
the foregoing. the ratio of starting-winding-only burnouts 
to main-winding-only was approximately 5 to 1, and 
even the ratio of total starting-winding burnouts (motors 
with starting-winding only, plus those with both windings 
burned out) to total main-winding (motors with main 
winding only, plus those with both windings burned out) 
was nearly 2 to 1. 

The results of the survey are shown graphically in 
Fig. 1, indicating the percentages of main-winding-only 
burnouts and total start-winding burnouts. Despite the 
evidence that thermal protection is effective in reducing 
main-winding burnouts, the fact that 
burned-out 


85 per cent of 
had a starting-winding 


failure shows the need for improving 


protected motors 
starting-winding 
protection. 

There distinct under 
windings can overheat and burn out: 


are conditions which motor 


1. Running overload, with or without high ambient o1 
ventilation blocked. 


Locked rotor under normal voltage, as caused by 
mechanical failure of driven load. 


Locked rotor caused by low voltage where decreased 
motor torque is insufficient to start load. 


Locked rotor with main winding only in circuit. 
resulting from open-circuit start-switch failure or 
open circuit in reversing switch. 


Locked rotor with start winding only in circuit. such 
as from an open main-winding circuit or open circuit 
in reversing switch. 


Running with both start and main windings in the 
circuit resulting from start-switch failure in closed 
position, or 


low voltage 


preventing switchover 


speed being reached. 


Thermal protectors used at present are tested on the 
motor usually for only conditions 1 and 2. Depending on 
the protector used, adequate over-temperature protection 
may be obtained for conditions 3 and 4, none for condi 
tion 5, and only in a few applications for condition 6. 
Not all protectors will give this protection, and unless all 
conditions are investigated, the extent of protection is 
unknown. 

A test was conducted in which a thermal protector was 
designed and installed so as to protect against all six of 


the conditions listed. Table I shows the results in com 
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Fig. 1—Summary of results of survey of motor failures. 


Table li—Motor Stalled-Rotor Heating Tests in deg C 





Difference in cut-off 
reading from j4, 
thermocouple H 


Difference in peak 
reading from 
thermocouple H 


Reference Reference 


200 


























































































































parison to those obtained using earlier designs of pro- 
tectors, of which one was selected to the limit of the 
old and the other to the limit of the new and higher 
Underwriters’ allowable motor-winding temperatures. It 
appears that working to the higher level with these 


protectors gives less protection for condition 3 and no 


Table ill—Effect of Elevated Average Temperature 
on Insulation Life Expectancy Using “10 deg C 
Half-life Rule’ 





Average temperature, Theoretical per cent 
deg C remaining life 


105 100.0 
115 50.0 
125 25.0 
135 + 
145 6 
150 





20 30 40 


Time, sec 


Fig. 2—-Stalled-rotor heating curves of starting-winding tem- 
peratures to a limit of 150 C. Motor was 14 hp, 115 volts, 1725 
rpm split-phase 


protection for the starting winding under conditions 
> and 6. 

Temperature Measurement. Before any significant 
deductions can be made from test data such as shown 
in the foregoing table, it is necessary to question the 
reliability and meanings of the temperature values ob- 
served and recorded. To illustrate the nature of the 
temperature measurement problem, thermocouple read- 
ings of the starting-winding temperature with locked 
rotor in a 14-hp 115-volt split-phase automatic washer 
motor were taken. Number 30 AWG _ iron-constantan 
thermocouple wire was used and readings were taken 
on fast-response automatic recording potentiometers 
capable of following a 300 C full scale deflection in one 
second. Four identical thermocouples were attached in 
different ways to the start winding. One was held against 


the surface of the start winding and then covered with 
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Fig. 3-—Stalled-rotor heating curves of starting-winding tem- 


peratures to a limit of 200 C. Motor was ! } hp, 115 volts, 1725 


rpm split-phase. 


a mixture of Fuller's earth and waterglass (thermocouple 
1). The second was tied in contact with the surface of the 
bundle and then covered with the 
For the 


third thermocouple, a small section of the insulation was 


starting winding 
Fuller’s earth and waterglass (thermocouple B). 


removed from a single strand in the start winding and 
the thermocouple was soldered directly to the strand 
with more than the minimum amount of solder needed to 
hold it in place (thermocouple C). The fourth was also 
soldered to a conductor strand in the same way but with 
the minimum amount of solder (thermocouple H/). 

Two series of stalled-rotor heating tests were run. each 
using two instruments to record traces simultaneously 
for thermocouples A and H, B and H, and C and H. In 
one series, each test was concluded when thermocouples 
1, B and C recorded a peak of approximately 150 C 


Continued or mage 1? 
page f 
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Fig. + New design of motor thermal protector to provide 


complete protection for motors under the new permitted 
operating temperatures and requirements. The illustrated unit 
is the Klixon Type T protector, Spencer Division of Metals 


ind Controls Corporation, Attleboro, Mass 





Radiation Effects Data Sheets 


on 

tubes 

resistors 
capacitors 
semiconductors 


An 
Electrical 
| Manufacturing 
| Stall Report 


at 


THE EFFECT OF NUCLEAR radiation on 
electronic equipment is essentially its 
effect on the discrete circuit compo- 
nents such as capacitors, resistors, elec- 
tron tubes and semiconductor devices. 
Although the first studies of the effect 
of radiation were on basic materials 
(plastics, ceramics, dielectrics, etc.), 
it became apparent before long that 
the actual performance of an electronic 
part in operation could not be predicted 
with reasonable validity unless careful 
studies were also made of the behavior 
of such parts under exposure to radia- 
tion. 

Under radiation, the behavior of elec- 
tronic parts is necessarily more com- 
plex than that of materials as such. 
This condition would follow from the 
fact that any electronic part is in effect 
a structural unit comprising diverse ma- 
terials (such as an electron tube) or a 
molecular structure of planned compo- 
sition (such as a transistor). 

A number of important research and 
development programs therefore have 
been launched for the express purpose 
of investigating the behavior of various 
types of electronic parts under nucleat 
radiation. The tables presented here 
represent the results of work that has 
been carried on at the Electronic Com- 
ponents Laboratory, Wright Air Devel- 
opment Center. 


———— EDITOR’S NOTE “4 


This article is the second in the new series 
dealing with the effects of extreme environ- 
ments (such as ultra-high temperature and 
nuclear radiation) on materials and com 
ponents. The first of this series, a 24-page 
staff review titled ‘Electronic “Materials and 
Components for Extreme’ Environmental 
Problems” by Alex. E. Javitz and Paul G 
Jacobs, appeared in the November 1958 issue. 
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Table 1—Nuclear Radiation Effects on Tubes* 





Component and type Type number 


0Z4 
3B28 


Full wave, gas rectifier 


Half wave, gas rectifier 
Thyratron, xenon gas 5727/2021W 


Half wave, high-vacuum 
rectifier 


371B 
Sharp cutoff pentode 6AG7 


Subminiature pentode 1AD4 


Subminiature pentode 


Lighthouse triode 


Cathode ray 


Tetrode 
Vacuum clipper diode 


Thyratron 


Photomultiplier 
Vidicon 


Miniature triode 


Gaseous voltage regulator; OA2WA, 
OB2WA 


5750 /6BE6 
5896 


Pentagrid converter 


Subminiature twin diode | 


Twin diode 6AL5 


829-B 

6080 | 
5654/6AKS | 
6AU6WA 


Beam power amplifier 
Twin triode 

Pentode 

Pentode 


| 
5R4WGB | 


Thermionic rectifier 
High voltage rectifier 1Z2 


Thermionic rectifier 


Integrated neutron flux and remarks 


No failures after 6.45 < 10" nvt 





Four of six failed, glass fissures, increase 
of ionization voltage 


Four of six failed, two operated intermit- 
tently, deionization time increased 


Three failed shortly after insertion, fourth 
showed an increase of plate current 


No failures after 9.3 x 10" nvt, all param- 
eters within tolerance 


One of six failed, transconductance, plate 
current, screen current were within 
tolerance 


No failures after 1.38 < 10‘ nvt; transcon- 
ductance, control grid current exceeded 
tolerance slightly 


One of six failed. Five operated throughout 
test. (1 x 10! nvt) 


Cathode current fluctuated erratically dur- 
ing irradiation. Tubes showed normal 
brightness and focus in post-irradiation 
test, glass browned 


All failed, open filament, increase in plate 
current, cracked envelopes 


All failed, plate current increased, glass 
envelopes cracked 


Plate current within MIL _ specification, 
cathode current decreased, voltage drop 
increased 


Cathode current a function of gamma 
intensity 


Tubes changed focus, heater circuit opened, 
glass brittle, cracked, and discolored 


Three of six failed, inter-electrode shorts, 
slight changes in emission and plate 
current 


Increase of fire potential. Increase in plate 
voltage (3 to 4 per cent) 


One of six failed 


Two of six failed, plate current and d-c out- 
put voltage within specifications 


No failures, slight decrease in output. of 
voltages and emission currents 


No failures 


One per cent change in plate and grid cur- 
rents, plate and grid voltages erratic 


All failed, sharp increase in emission cur- 
rent 


One of six failed; the one that failed showed 
a steady decline in emission current 


No failures 





*Source: Electronic Components 


lopment Center 


ARDC, USAF. 
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Annotated Bibliography of Articles in 


“Electronic Materials and Components for 
Extreme Environmental Problems,” A. E. 
Javitz and P. G. Jacobs. 

Extreme environmental conditions, par 
ticularly ultrahigh temperatures in excess 
of 500 C and/or nuclear radiation, are 
encountered in electronic systems for super- 
sonic aircraft and missiles, submarines, 
and certain military ground equipment. 
The ability of commercially available mate- 
rials and components to withstand these 
environments is comprehensively surveyed 
and tabulated. Problem areas are analyzed. 
( November 1958, p th). 


“Effect of High Intensity Radiation on 
Electronic Parts and Materials,” C. P. 
Lascaro and A. L. Long. 

A preliminary report on effects of high 
intensity radiation on Signal Corps equip- 
ment. Components tested were meter 
switches, relays, capacitors, magnetic de- 
vices, transformers, resistors and rectifiers. 
Materials tested and described were cast- 
ing resins, filler material, magnesium-man- 
ganese ferrite bodies, glass, selenium, sili- 
con and germanium. Text is supported by 
tabulated material and graphs (September, 
1958, p 119). 


“Effects of Radiation Environment on 
Structural Metals,” A. Boltax. 

The mechanisms of radiation damage 
are presented, with charts and graphs. Se- 
lection and analysis of metals able to 
withstand harmful effects of radiation with- 
out compromising original properties and 


Electrical 


characteristics, as specified in equipment 
design, are also presented. The article 
covers pure metals, structural alloys, and 
special classes of alloys. Metals discussed 
include copper, iron, steels, aluminum, 
nickel and their alloys (June 1958, p 125). 


“Nuclear Shielding Materials for Electronic 
Circuits,” J. R. Hendrickson, Sr. 
Standard enclosures for electronic cir- 
cuits fail to provide effective shielding 
against nuclear radiation. Devices and 
equipment operating in nuclear-powered 
aircraft and in other nuclear environments 
have to be designed with adequate pro- 
tective shielding. This article reviews the 
mechanism of nuclear radiation effects, dis- 
cusses pertinent properties of shielding ma- 
terials, and presents specific shield design 
considerations. (November 1957, p 130). 


“Effects of Nuclear Radiation on Electronic 
Components,” R. D. Shelton. 
Resistors, capacitors, insulated 
electron tubes, semi-conductor devices and 
printed circuit boards have been operated 
and tested in nuclear radiation fields in 
a research program sponsored by the U.S. 
\ir Force. Irradiation of components was 
continued until component failure or until 
a specified integrated thermal neutron 
flux had been reached. This article first 
reviews mechanisms by which neutrons and 


wires, 


gamma radiation affect operation of com- 
ponents, then presents detailed experiment- 
al data in graph and tabular form on each 
group of components, Components of same 


Table Il—Nuclear Radiation Effects on Resistors* 


Manufacturing on Nuclear Radiation Effects 


JAN type made by different manufacturers 
show variation in nuclear effects (Septem- 
ber 1957, p 76). 


“Effect of Radiation on Semiconductors,” 
J. C. Pigg and C. C. Robinson. 

When high-energy particle bombardment 
is part of the environment, circuit designs 
employing semiconductors must include 
consideration of the effects of crystal lat- 
tice disorder. Changes in characteristics of 
typical semiconductor components when 
subjected to various radiation levels are 
described (April 1957, p 116). 


“Nuclear Effects on Electronic 
ents,” C. C. Robinson. 

What goes on when a wirewound or 
deposited carbon resistor, a phototube, or 
a transistor or a diode becomes exposed to 
gamma rays or Other forms of nuclear 
radiation? The meaning and importance 
of nuclear effects on components are ana- 
lyzed (August 1956, p 96). 


Compon 


“Impact of High-Energy Radiation on 
Dielectrics,” A. E. Javitz. 

Special staff report is devoted to subject 
of major importance to designers of ele 
trically energized equipment. Basic facts 
of high energy radiation are given; re 
search programs are summarized; specifi 
radiation-resistance data on various diele« 
tric materials are tabulated; design fac 
tors and techniques are analyzed. Overall 
design impact of nuclear power and radio- 
active devices discussed (June 1955, p 85) 





Component and type 





Variable-resistance potentiometer, 
composition type 


RV4NATSG503B 


RV4NATSG501C 


RV4NATSG502C 


Fixed, composition 


RC20BF105J 


RC20BF123J 


RC20BF104J 


RC32GF101J 


RC32GF102J 


RC32GF105J 
RC32GF1245 


Type number 


RV4NATSG502B_s Mfr. A 21.6 
| B 


RC20BF1015 


| Results (per cent change) | 


2.51) 


26.6 | 
4.19 


20. 
8. 


23. 
a 


or Dr wP 


7 DW DW OWD OMM OW OBO 


Integrated neutron flux and remarks 

1.03 < 10" nvt, six components from each 
manufacturer were passively tested in 
the Argonne CP-5 reactor. In each group 
of six, two were tested at maximum 
resistance, two at critical, and two at 
minimum. Components manufactured by 
“A” suffered considerably more damage 
than those from “‘B’’. Components manu- 
factured by ‘‘A” exhibited a resistance 
decrease of 30 per cent at maximum 
settings. Minimum resistance increased 
during irradiation. 


.2 < 10" nvt, the RC20BF101J, RC20BF- 

102J, RC20BF105J, RC20BF104J and 
RC20BF124J decreased in resistance 
value during irradiation. Most of the 
decrease occurred during the first day. 
There is a slight inverse variation with 
reactor power level. 


.99 x 10% nvt, decrease in resistance 
throughout irradiation. These resistors 
behaved similarly to the RC20 resistor 
family. There is a slight inverse varia- 
tion with reactor power level. 





*Source: Electronic Co 
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Table Il (continued)—Nuclear Radiation Effects on Resistors 





Component and type Type number Results (per cent change Integrated neutron flux and remarks 


Wirewound, power type rheostat RP101SJ1I00KK Mir. E 6.8 .0 x 10" nvt. For the in-pile tests, the 
components were set at maximum resist- 

RP10iSJ101KK E 10 ance and operated at three-fourths of 

the rated power for 8 hr out of each 24. 

RP10i1SJ102KK ; The 101KK and 502KK results are not 


complete, therefore, approximations are 
RP101SJ502KK 2 given. 


Fixed, wire-wound RW21G200 


.86 x 10 nvt, the fixed wire wound 
resistors all evinced a strong resistance 
RW33G200 = to radiation damage. In general, the 
resistance increased slightly during irra- 
RW33G201 ; diation, and there were no rate effects 
evident. All values were within tolerance. 


RW31G201 ; -4 * 10° nvt, resistance of ‘‘H”’ fluctu- 
: ated from 0 to 10.5 per cent during 

irradiation, fluctuations of ‘“‘F’’ varied 
approximately 4 per cent, temperature 
affected “E”’. 

RW31G202 .4 * 10° nvt, resistors varied less than 

1.5 per cent. No rate effects, there are 

temperature effects. 

RW39G202 .76 & 10'° nvt, within tolerance through- 

out, no resistor changed more than 1.5 

per cent throughout exposure. 


Im xcmn7 


RW33G203 .76 « 10" nvt, no rate effects, within 


tolerance throughout test. 


RW23G20RO .76 x 10° nvt, large variations while 
being irradiated, some exceeded toler- 
ance and then returned, no permanent 


damage 


rm xcmn7 


RB17AE10002F .8 x 10° nvt, seven of the twelve units 


changed less than 1 per cent. The remain- 
ing five varied erratically, but within 
tolerance 


-er 


RB17AE10000F 


» 


.7 < 10 nvt, all “H” units and three ‘‘J”’ 

units remained within tolerance, ‘I’ 
units exceeded tolerance but then re- 
turned 


— ue 


RB17AE10002F . .19 x 10'° nvt, changed very slightly in 
four days, units did not change there- 
after 


RB17AE10002F 


-ur 


Carbon composition RC20-BF 0° ohm .04 « 10° nvt, none changed more than 


10 per cent during irradiation, resistance 
decreased steadily throughout irradiation 


.04 x 10" nvt, none changed more than 9 
per cent throughout irradiation 


ohm .04 « 10° nvt, none changed more than 6 


per cent throughout irradiation 


yY ohm .04 « 10° nvt, several units changed by 


12 per cent before irradiation was 
completed 

RF40K100 .05  10'5 nvt. None of the RF40K resist- 
ors changed more than 6 per cent. None 
of the RF50K resistors deviated by more 
than 20 per cent from their original value. 
However, two of the RF50K103 resistors 
failed at an integrated neutron flux of 
2.8 < 10” and 4.59 = 10” nvt respec- 
tively. An open circuit was the cause of 
failure. 


RF50K100 
RF50K101 
RF50K102 
RF50K103 


Z2rI2rIxrtaeasz OrKR OTR orxK wrk 
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Table Ill—Nuclear Radiation Effects on Capacitors* 





Component and type 


Ceramic dielectric 


Button mica dielectric 


Fixed mica type 


Glass dielectric 


Plastics dielectric 


Paper dielectric 


Type number 


CC25CH4305 


CC25LH4305 


CK612Y52Z 


CK27W152Z 


CK60Y821Z 


CB1IPX681G 


CB21PX101G 


CM35C6225 


CMé5B104) 


CM65C104) 


CM61B473) 


CM61C4735 


CM35B6225 


CY15C122) 
CY20C0512J 


LS4-103 
OG6-103 
OG6-105 


CPC4AI1KE104M 


CPO4A1KE104M 


CP53B1DF504K 


CP53B1KF504K 


CP53B2FF504K 


CP63BIKF105K 


CP70E1EF106K 


Results 


Mfr. 


O0O006UUMDmULUPlCUCOOOCUD PP CUO PS lOONWSPS ONS 


am nom moo 


momo Wom wMoO 


og 


Oman MM MND NOOM NHOM IIT 


nom 


mano 


per cent che 


ange 


1.23 x< 10 


.89 x 10 


).83 x 10 


95 10 


Integrated neutron flux and remarks 


nvt, slight variation during 
irradiation but stayed within tolerance 


nvt, slight variation during 
irradiation, but stayed within tolerance 


nvt, slight variation during 
irradiation but stayed within tolerance 


10° nvt. slight variation during irra- 
diation, but stayed within tolerance 


.23 10° nvt, no variation 
.23 10> nvt, 3 to 4 per cent fluctuation 


during reactor changes 


3 10'° nvt, very little change during 
irradiation 


.3 & 10° nvt, “B” unit fluctuated near 


tolerance level 


nvt, slight variation during 
reactor power level changes, within 
tolerance 


9 


ia 10° nvt, variations of 0.2 to 1.3 per 


cent during irradiation, within tolerance 


.0 10° nvt, fluctuations in ‘“‘E”’ capaci- 


tor, within tolerance 


.3 * 10° nvt, “B” exceeded tolerance; 


“E” also exceeded, but returned to 
within tolerance 


8 10° nvt, erratic behavior within 


tolerance for both units 


.23 10° nvt, varied at tolerance level, 


remaining units failed within first day of 
irradiation 


1 10° nvt, initial decrease in capaci- 


tance of 10 to 20 per cent followed by a 
slight increase as irradiation progressed 


a 10° nvt, capacitors ““E’ and “D” 


increased from 10 to 20 per cent. The 
remaining two decreased by the same 
amount 


.98 & 10° nvt, varied erratically through- 


out exposure 


.99 « 10° nvt, capacitance decreased and 


then increased with irradiation 


.76 10° nvt, capacitance decreased 


during irradiation by as much as 37 per 
cent 


.07 10'°° nvt, capacitance varied from 21 


to 27 per cent throughout irradiation 


.06 10° nvt, capacitance decreased 


steadily during irradiation 





*Source: Electror 
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Table 1V—Nuclear Radiation Effects on Semiconductor Devices* 





Integrated 
Com- Test Flux rate, dose, 
ponent number nv nvt Results 


SILICON —_ 
DIODES 


1N318 ‘8 | Drastic increase in breakdown voltage; Increase In forward resistance 
R,; decrease by two orders of magnitude in reverse resistance R,. 


Very high forward resistance, component nearly ohmic. 
2 x 10” 4xX > | Breakdown voltage and forward resistance increased by a factor of 5. 


4 x 10” 2x | Breakdown voltage and forward resistance increased by a factor of 10. 
(after 1 hr 8 min) 


2 x 10 4X Breakdown voltage and forward resistance increased by a factor of 
less than 2. 


4x 10° 3 & Breakdown voltage and forward resistance increased by a factor of 
(after 1 hr 8 min) 2.5; component stored for 7 days and once again irradiated; perma- 
nent damage to unit. 


4 x 10" ot X Breakdown voltage was doubled, slight increase in forward resistance. 





4x 10 -3 > Breakdown voltage was approximately 35 volts; forward resistance 
changed drastically; saturation current increased by a factor of 40. 


4x 10 1 x | Breakdown voltage doubled, slight increase in forward resistance. 


4x 10 Breakdown voltage approx. 35 volts, forward resistance change dras- 
tically; saturation current increased 100 times original value. 


4x 10 x Slight decrease in reverse resistance, slight increase in forward 
resistance. No change in behavior was noted when neutron flux was 
increased from 4 < 10 nv to 2 X 10" nv. 


2x 10" 5 | Forward resistance increased by a factor of nearly 5, reverse resistance 
(after 1 hr 27 min) showed a momentary increase at 1.9 < 10'‘ nvt, shortly thereafter 
reverse resistance decreased. 


Reverse resistance decreased less than a factor of 2. Power dissipation 
is 225 millivolts at d-c current of 15 ma as compared to 19 millivolts 
before irradiation. 


Decrease in reverse resistance, increase in forward resistance. No 
change in behavior was noted when neutron flux was increased from 
4 X< 10" nv to 2 * 10" nv. 


2x 10" 7 Reverse resistance showed a momentary increase at 1.9 < 10'* nvt, 
(after 1 hr 27 min) shortly thereafter reverse resistance decreased. 


Forward resistance increased by a factor of nearly 5. Reverse resistance 
decreased less than a factor of 2. Power dissipation is 225 millivolts 
at d-c current of 15 ma as compared to 19 millivolts before irradiation. 


4 x 10” es ‘ Little change in forward resistance and reverse resistance, improve- 
ment in reverse direction with leakage resistance actually increasing. 


2 x 10 ‘ Components operated satisfactorily, decrease in leakage current after 
(after 1 hr 27 min) 1.8 & 10" nvt. 


2 x 10" -4 x 10! Ohmic. 
(after 1 hr 27 min) 


4 x 10" A | Little change in the forward resistance and reverse resistance, 
with leakage resistance increasing after reverse resistance has 
suffered an initial decrease. 


2X 10" os, -9 X 10! Components operated satisfactorily, steady decrease in reverse resist- 
(after 1 hr 27 min) ance after 1.8 10‘ nvt. 


2x10" 3=| 5.4% 10! Ohmic. 
(after 1 hr 27 min) 
| 
4 x 10" < & Reverse resistance decreased by 2 orders of magnitude; subsequent 
exposure showed little change in reverse resistance, slight increase 
in forward resistance and an increase in breakdown voltage. 


PD-5 . l Reverse resistance decreased by 2 orders of magnitude, forward 
resistance changed very little, increase in breakthrough voltage. 


PD-10 & 11 ¢ 10° Reverse resistance increased by 2 orders of magnitude, forward resist- 
4 xX 10" ance changed very little. 





*Source: Electronic Components Laboratory, Wright Air Development Center, ARDC, USAF (Continued on next page) 
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Integrated 
Com- Test Flux rate, dose, 
ponent | number nv nvt Results 


SELE- 
NIUM 
DIODES 

171 


PD-20 & 21 ‘a ! .6> ( Components deteriorate in the reverse direction up to about 1.9 < 10!‘ 
nvt. After this dose the components improve to a condition approxi- 
mating the pre-irradiation conditions. After 4.6 < 10 nvt, the 
diode reverse characteristics are no worse than the pre-irradiation 

values. The forward characteristic changes are negligible. 


20Y2T | PD-16, 17, | « 10" 4.6 x 10% After irradiated doses of 4.6 X 10° nvt, units did not suffer any 
18&19 | noticeable change in the forward direction while the reverse resist- 
ance decreased by factors of 2 or 3. Reverse current readings were 
taken immediately after shutdown; the reverse current decreased. 
When reactor was brought up to power once again, the reverse cur- 
— to approximately the same value as the pre-shutdown 
reading. 





SUMMARY—Tests on silicon rectifying devices indicate that failures were due to deterioration of the forward characteristic; increase 
in breakdown voltage FE, and also R,; causing either excess power dissipation and/or reduced output voltage. The reverse resistance 
of a silicon rectifier is usually larger than a similar germanium device by one order of magnitude. Germanium diodes tested would 
probably fail when used in circuits exposed to nuclear radiation because of deterioration in the reverse characteristic. Germanium 
and silicon units suffer changes in reverse resistances of approximately two orders of magnitude. 





Integrated 
Com- | Test Flux rate, dose, 
ponent | number | nv Results 


SILICON | 


4 x 10" Changes in /,,, and J... are neglible, huge decrease in common emitter 
current gain, slow decrease in common base current gain. Common 
base connection with current feedback offer possibility of transistor 
use in nuclear environment even after suffering slight deterioration. 


| 

* 103 | Changes in /.,. and /.,. are rapid immediately after insertion and then 
become gradual until 4 x 10° nvt. Emitter floating potential de- 
creased with irradiation, an increase of input impedance, a decrease 
in current gain, and an increase in output admittance are noted. 
PT-7 and PT-8 behaved similarly until 4 < 10° nvt. PT-7 collapsed 
at 6.8 < 10 nvt. H-Parameters changed slowly for PT-8. Huge 
N-Parameter changes occurred for PT-7 after 4 x 10" nvt. 





4x 108 < 10'% | Damage to collector characteristics was very slight. Decrease in 
| (for 6 hr 49 min) emitter-floating potential. 


2X 10° .7 X10" | Damage to collector characteristics increased, but not sufficiently for 
(for 58 min) total failure; increase in emitter-floating potential. 


2 X 10 .0 < 10° | Damage to collector characteristics rose sharply, failure at approxi- 
mately 2 < 10" nvt. 


2 X 101° x Increase in leakage currents, decrease in emitter-floating potential, 
| decrease in large signal common emitter current gain. Increase in 
output admittance, decrease current gain, increase input impedance, 

increase in common-base voltage feedback ratio. 


Leakage currents increased monotonically by one order of magnitude, 
decrease in emitter-floating potential, slight decrease in large signal 
current gain until 2 < 10 nvt, increase in input impedance and 
output admittance. Decrease in small-signal current transfer ratio. 


Collector-emitter leakage current first increases and then decreases 
with irradiation, decrease in emitter-floating potential, slight 
decrease in large signal current gain, small decrease in small signal 
current transfer ratio. 


| PT-1, 2, 11 * Change in /,,. gradual until 2 « 10% nvt. At this point leakage currents 
& 12 increase drastically. Same is true of /.,., decrease in common emitter 
current gain with irradiation, small decrease in output admittance 

and increase in"input impedance, 





SUMMARY— Deterioration of the units of each type seems to follow a definite pattern. In all cases, collapse of the collector charac- 
teristics for the common-emitter connection was noted with integrated neutron dose. This is normally accompanied by a relatively 
large change in collector-base leakage current, but not necessarily accompanied by a consequent change in /.,, since the current gain 
decreases with irradiation. For small signal properties, an increase in input impedance and output admittance, and a decrease in cur- 
rent gain are noted. Little difference is found in the behavior of silicon and germanium transistors. All types tested appeared to possess 
satisfactory characteristics for application in circuits with feedback up to a maximum integrated dose of about 2 x 10" nvt. 2N43 tests 
indicated damage is a function of integrated neutron dose. 
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Simplifying 
Servo-System Analysis 


In the analysis of complicated, multi-loop 
servo systems, it ts often convenient to 
effectively eliminate some of the small 
inner loops by reducing them to single 
“black boxes.’ Here. a closed loop con- 
sisting of a servo motor with rate feed- 
back is combined into an equivalent mo- 
tor alone. Investigation of the resulting 
transfer-function constants reveals inter- 


esting facets of the loop’s operation. 


GEORGE GORTEN 
Project Engineer 
Daystrrom Paciru 
Los Angeles, Calif. 


HARRY A. IRWIN 

Member of the Technical Staff 

Space TECHNOLOGY LABORATORIES, INC. 
Los Angeles, Calif. 


IN TODAY’S COMPLICATED CONTROL SYSTEMS, there are 
“systems within systems.” One large closed-loop servo 
may contain two or even three smaller closed loops which 
are integral parts of the larger system. It becomes con- 
venient, therefore, in analyzing system performance, to 
be able to lump the characteristics of the individual com- 
ponents in the smaller loop into a single “black box” 
with one transfer function. 

An inner loop which is frequently encountered is 
one containing an amplifier, a motor. and a tachometer- 
generator supplying rate feedback. The aim in combining 
the transfer functions of these components is to obtain a 
single transfer function which can be easily manipulated, 
and it will be shown that this resultant function takes the 
form of that of a motor alone. This allows additional 
insight with regard to physical evaluation of the new 
black box, which acts exactly like a motor whose for- 
ward gain and time constant have been modified. The 
principle involved is not a new one, but the particular 
transformation presented here is offered as a means of 


gaining a better physical concept of the manner in 
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which the gain and time constant of the motor are 
modified by inertia and rate-damping effects. 

The procedure used is as follows: The physical con- 
stants of a typical servo motor will be defined. The trans- 
fer function of the motor will be derived from the 
fundamental torque equation. Similarly, the transfer 
function of a tachometer rate generator will be deter- 
mined and the two transfer functions will be combined 
(the amplifier constant having been included in the trans- 
fer function of the motor) to obtain an overall function 
for the loop. The latter will then be manipulated so that 
it takes the form of a simple motor function with modi- 
fied constants. The reverse transformation can also be 
performed to obtain the fundamental torque equation 
of a new motor whose function can be easily manipulated. 

Motor Transfer Function. The basic schematic of 
i servo amplifier and motor is shown in Fig. 1. The 
following constants are used: 


Ek input signal voltage 

A output shaft angle (radians) 
dé dt 

a d°6,,/dt? 


Ty moment of inertia of motor (in.-0z-sec?) 


motor speed (radians per sec) 


motor acceleration (radians per sec?) 


hk viscous damping constant (in.-oz per radian per sec) 
hk torque constant (in.-oz per volt) 
{1 = amplifier gain 
\ssuming 100 per cent efficiency. the torque developed 
by the motor in response to the input signal is equated to 
the inertial and damping torques which load the output. 
developed motor torque = 1A rh; 
load torque Ima + Fa 1 yd°6,/dt +- Fd9,/dt 
Then 
yd’, ‘dl kde, /dt 
The Laplace transform of this equation is 
AK rE (s) 


Ty9.,(s)s F9.(s)s (1) 


The transfer function (output/input) may be obtained 
easily by rearrangement of Eq (1). 


9,(s) 1A 
I (s) Tys' 


Ku 


s(Tus + 1) 
where 


1K, 
P 


amplified motor constant 
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Fig. 1 


Schematic of servo motor with amplifier. 


and 


ly 


I'v Fr motor mechanical time constant 


The transfer function of the motor has thus been derived. 

When the electrical time constant (7, L/R) due to 
the inductance and resistance of the windings is con 
sidered, the transfer function takes the form 


¢ A Vl 


I De s(T ys 1)(T ys 1) 


However. the electrical time constant can often be neg- 
lected since. in a practical system, it usually occurs at 
the higher frequencies which are rarely of interest in a 
simple, low-response loop. This assumption is made here 
in order to simplify the presentation. 

Generator Transfer Function. If A,; is the tach 
ometer generator constant in volts per radian per second, 
the output of the generator is 


Dy K dé, /dt 
The Laplace transform of this is 
I.(s) Ko.(s)s 
and the transfer function is 
EAs) 
6.(s) 
Combined Transfer Function. The block dia 


gram of the system with the two transfer functions de- 
veloped thus far is shown in Fig. 2. It is assumed that 
the motor and generator are integral or that they have a 
single shaft. In the system, « is the error between the 
input, £;, and the feedback, K,,s6,. The output is also 
equal to « times the motor transfer function. These rela- 
tionships may be expressed as 
E; 


and 


s(T'ys 
kK VM 


Combining, to eliminate e. 
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Ku 
s(Tys+!) 











Fig. 2 


Block diagram of simple servo with rate feedback. 


Krom this. the transfer function is 


Ku 
sb Tess 


/ 
Keck 


\n additional operation must be performed, however, 
if the rotor inertia contributed by the generator is of 
sufficient magnitude to alter the mechanical time constant 
of the motor. In that case. the inertia seen by the motor 
is directly increased by the rotor inertia of the generator. 
so that the total inertia for the combination is Jy + J, 
and the equivalent time constant. which is proportional 


to the inertia. becomes 


which is the true time constant of the equivalent motor 
transfer function 

Note that Eq (4) has exactly the same form as Eq (2). 
the typical motor function. This shows that the new trans 
fer function is for a black box which behaves and oper 
ates as if it were simply a different motor with a new 
torque speed curve. Hence. this equivalent motor can be 
inserted into any multiloop servo system and considered 
analytically in the same way as its relatively undamped 


ounterpart. The simplicity of the transfer function is of 
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radians per sec 


Comp/ete 
/ system 


Speed, 








orque, in.-o 


Fig. 3 
tem considered as a motor. 


advantage not only in the normal analysis of servo opera- 
tion but also in the additional insight given into the 
manner in which the motor time constant and overall 
gain are modified by the effect of added inertia and 
rate damping. 

Effects of Changes in Constants. The quantitative 
effect of changes in forward gain, Ky, and feedback gain, 
K,, on the new constants can be observed by taking 
limits for the equivalent motor constant Ky. 


: Ku 
lim Ky lim ( ) = () 
Keo Keo 1 + Keky 


So, as Ky increases, Ky approaches zero. Similarly, 


K 
lim Kz lim ( i —* ) = Ky 


Ko-—-0 G0 KeKu 

So, for very small values of Kg, Ky approaches the value 
of Ky. For the time constant (and momentarily neglect- 
ing inertia effects), limits may be found as follows: 













































































Fig. 4—(A) Multi-loop system with both rate feedback and 
position feedback. (B) Simplified system with motor and rate 
feedback combined into equivalent motor. 
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Torque-speed curves of motor alone and complete sys- 


lim Tu 


_ - = @ 
Kg~>o 1+ KoeKu 


lim TT, = 


Kg 


Tz = lim Tu_ Tu 


Ke>0 1+ KoeKu 


lim 
Kg—0 
This shows, as might be expected, that as Kg approaches 
zero, 7', approaches the original value of Ty. 
To observe the effect of these limits on the transfer 
function, remembering that as K, approaches infinity, 
Ky» and Tz both approach zero: 


lim ( Ke ) 0 
Ke \ s(Tzs + 1) 
indicating, of course, that as the feedback is increased, 


the forward gain of the system is reduced. Similarly, as 
K,; approaches zero, 


lirn ( Ke ) Ku 
Ke-9 \ s(T rs + 1) s(Tus + 1) 


returning the transfer function to its original form, a 
condition to be expected when no feedback exists. 

Speed-Torque Characteristics. The apparent phys- 
ical changes which occur when the amplifier, the motor, 
and the generator are combined to form an equivalent 
motor function become evident when the transfer func- 
tion of Eq (4) is converted back to speed and torque 
information and this is compared with the original 
motor characteristics. 

If Ky in Eq (4) is assumed to be equivalent to Ky in 
Eq (2), then new values of torque constant, Ky’, and 
viscous damping constant, F’, may be found from the 
relation 


A Kr’ Ku 
ean = 
“ F’ t KoKy 


_ AKr 
F 


A Kr il 
- 1+ AKrKe /F 
Kr sr 
F’ F + AKrKg 
from which it can be seen that Ky’ K, as before and 
F’ =F + AkKrKeg (8) 


Equation (8) may be checked by using the time constant 
relationship from Eq (7), remembering that T — //F 


rea dn (pelt) (HEM) 
cies F' 1+ KoKu Iu 
(lai) (tle) 
1+ KeKu Iu 


: Iu + Ig 

FQ + KeKwy) 
Since we know that Il’ = Ty + Ig, 
FKeku 


AK, ) 
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Returning to Eq (4), we will now substitute the ex- 
pressions for motor constant and time constant using the 
primes on the various quantities to indicate their new 
values. Thus 

6, Ay 1A7/F’ 
k; s(Trs +1) (1'/F’)s? +s 
We now substitute in the values of /' and F’ obtained 
above. 
1A, 
1K rke 


( In + Ig ) e 
F+AKrKe/~ 
{Ay 

(lu + Ie)s? + (F 4 
1¢)s°0 (s) + (F 


{1A rKe)s 


{\A7k\(s) (/u {Ko rKe@)s6.(s) 


The inverse transform of this is 
{1A rk; Ua [;)d*0,/d?® + (F + AkyKa)dé/dt 
1'd°9,, /dt F'de/dt 


It is now possible to compare the linearized speed- 
torque curves for the motor alone as originally consid- 
ered and for the complete system. (See Fig. 3.) Note that 
the slope of the curve has decreased due to the increased 
damping, being in one case simply 1/F and in the other 
L/(F 4 AK,K,, ). The stalled torque, of course, remains 
the same. The no-load speeds in the two cases are 7's/F 


and 7's /(F {K,K,), 


Of special interest to the system designer is the fact 


where 7’, is the stalled torque. 


that, for any given speed w,., he can no longer expect 
the same output torque, 7. which the motor normally 
delivers with no feedback. The moment the feedback loop 
is closed, the torque is reduced to a smaller value, 7,’. 
This fact is apparent not only in the decreased slope 
shown in Fig. 3 but is intuitively evident from the knowl- 
edge that the voltage applied to the motor is reduced by 
the amount of the feedback signal. 

To illustrate the use of this method of analysis, con- 
sider the system shown in Fig. 4A. This system has 
position feedback (with the constant gain function of 
Kp) as well as rate feedback. Through the use of the 
foregoing method, the system may be reduced to that 
shown in Fig. 4B, substituting the equivalent motor 
transfer function for those of the motor and the rate 
feedback. The transfer function of the complete system 
is then 


kK; 


This is of the form 


in which 


K eK P 
s(Trs + 1) 


GH 


The latter may be easily used in analyzing the system by 
the Bode plot method in the frequency domain. The 
characteristic equation also lends itself to stability cri- 
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terion and root determination by the root-locus method 
in the same way that a simple motor function does. 
It is of interest to note that, after GH is obtained in this 
form, Kg and 7’, can be varied by selecting Ty and Ky 
and by varying A, and finally, of course, by selecting 
Kp, until the proper characteristics necessary for a given 


system are obtained. ome me) 





New Hotter Motors 
Demand Thermal Protection 


Continued trom page l]ll) 


including override. In the second series. each test was 
1. B and C recorded a 
peak. including override. of approximately 200 C. The 


concluded when thermocouples 
results of this test are shown in Figs. 2 and 3 comparing 
all readings to thermocouple //. Differences in readings 
are shown in Table Il. The temperature readings re- 
corded in Table Il were those measured with thermo- 
couple H as a reference. If the protector rating were to 
be based on any of the other thermocouple readings, 
higher ratings would be necessary to obtain winding 
temperatures giving the same instrument reading as the 
value recorded for thermocouple //. 

It is apparent that the accuracy of determination of the 
operating temperature of insulation in a motor, and 
therefore of prediction of life expectancy. is a function 
of the method employed in temperature measurement. The 
importance of accurate measurement of temperature is 
demonstrated by considering the implications of the “LO 
deg C Stable-cycle stalled- 


rotor temperature limits under the new Underwriters’ 


half-life insulation rule.” 
requirements are 175 C peak and 150 € average. The 
previous temperature limit for the stalled condition was 
150 C. 


considered desirable to be able to compare averages, From 


with no average specified. For analysis, it was 


accumulated data on thermal protector applications, it 
was found that stable winding temperatures at protector 
cut-off were in the range of 120 to 140 C, or an average 
of 130 C. At protector cut-in, stable winding temperatures 
were found to be in the range of 70 to 90 C, an average 
of 80 C. This indicated an average stalled stable-cycle 
temperature of 105 C. Using the average temperature 
of 105 C as a base representing theoretical 100 per cent 


remaining life for insulation, the effects on insulation life 


of the new Underwriters’ temperature limits are as in- 
dicated in Table III. Insulation life at the higher tem 
peratures. on this basis, is reduced by approximately 96 
per cent as compared to the life expectancy under the 
former limits. There is consequently an urgent need for 
accurate temperature measurements for the new higher 
limits. It is strongly urged that the AIEE and the various 
other interested agencies and industries cooperate to 
establish techniques and minimum requirements for the 
necessary degree of safety in appliance motors. 


\ 











Variety of gear and shaft subassemblies used in instrument gearheads. 


Instrument Gearhead 
Application Factors 


To avoid over-specification with its at- 
tendant higher costs without gains in total 
performance, the operating and cost 
consequences of dimensional and other 
requirements imposed on mechanical 
components in their specification must 
be understood. The instrument gearhead 
can be made using a wide variety of basic 
forms, materials and accuracy tolerances 
which must be properly combined and 
specified to serve a given purpose eco- 


nomically. 
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THE MINIATURE PRECISION GEAR REDUCER, Fig. 1], is com- 
monly made as a subassembly for attachment to servo 
motors and similar rotary instruments. It is a mechanical 
device, but because of its general fields of application. 
the selection and specification of the instrument gearhead 
are frequently in the province of electronic and systems 
design engineers. One common general tendency, to be 
avoided in the interests of economy and practicality, is 
the casting of mechanical specifications in terms of abso- 
lute values or of unnecessarily tight tolerances. The speci- 
fying designer may not be aware of the cost and feasi- 
bility penalties of such specifications when they are 
applied to mechanical parts and assemblies, but of course 
the gearhead designer cannot take advantage of any 
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leeway not granted in the specifications to which he is 
working. In connection with gear assemblies, for instance, 
specifying an exact speed ratio may incur cost and extra 
design details that could be avoided if a ratio tolerance 
of 5 or LO per cent were known to be permissible without 
adversely affecting equipment performance. In the same 
category, specifying gearhead “backlash” to be within a 
few minutes of angle or to be zero may not only be un- 
necessary but lead to high cost and procurement difh- 
culties. 
Specifications for general 


follow 


good practice for descriptions of engineering require- 


gearheads should 


ments, with particular attention given to the fact that the 
components in question are mechanical in nature. Each 
definition of a material, dimension or tolerance should 
be made with recognition of. and in terms of, its me- 
chanical design significance. Items that are essential 

a gearhead specification may be listed: 

1. Speed ratio required, and whether this must be 
absolute or to be within a given tolerance. 

The maximum backlash that can be tolerated, given 
in terms of the output shaft with a specified reverse 
torque. 

The maximum starting (breakaway) torque to be 
permitted. 

1. Output torque rating for the gearhead. 

5. Output shaft end play and radial play with a 
specified load. 

6. Directional relation between output and input shaft 
rotation, including a clear waiver if there is no firm 
requirement for the relation 

7. Gearhead envelope dimensions, dimensions and type 
of mounting required, and permissible tolerances on 
these dimensions and their concentricity. including the 
important concentricity of shaft to housing or to mount- 
ing surface or holes. 

‘ 

‘ 


A reference to the motor or other mating compo- 


Mochine screw 























gearheads. Photo courtesy of 


Flushing, N. Y. 


Fig. 1—Typical instrument 
Sterling Precision Products, 
nent, if this is a common standard, or complete dimen- 
sional details of such component. Common forms of 


assembly of gearhead to the driving instrument are 
shown in Fig. 2. 

9. Accessories or special features required in the 
eearhead. with complete details of required performance 
of such elements. including dimensions and _ tolerances. 
Slip clutches and limit stops are examples of gearhead 
accessories that must be completely specified. 

Gears. These are of course the major elements and 
the greatest cost factor in a gearhead. so they merit 


\ com- 


plete description of the gears in a gearhead should state 


thorough consideration and detailed specification. 


the class of precision required, diametral pitches, mate- 
rials, and any requirements for particular methods of 


fabrication or assembly (Fig. 3). Maxima. minima. and 


screw 


1 ioe 
| | jes { 
} : ) 














/ eed 





Bolt through gearheod into motor 


Re aid Motor 


ge 


Adopter plate 
Pin through housing side into adopter picte 

















taining cop 
Adopter ploie and retoining cop 


Fig. 2—-Forms of assembly of gearhead to its driving instrument. 
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Set screw through housing side clomping fo 


motor 


Ring sectors 


4 





Retaining cap 
Ring sectors ond retoining cop 





Se sacl 








3 piece ossembly 2 piece assembly 
Geor ond pinion Integral pinion-shoft 
pinned to shoft with gear pinned 





wes Fig. 4—Plate form of instrument gearhead. The unit shown 
has an overall diameter of | 1/16 in. Photo courtesy of 


Feedback Controls, Inc., Waltham, Mass. 

















Geor ond pinion 2 piece assembly: 
mtegrol with shoft. Integral pimon-geor 
pinned to shoft. 











2 piece ossembly: 3 piece assembly: 
Geor pressed on Gear pressed on pinion hub 
pinion -shoft. ond ossembly pinned to shoft. 


iw. 3 arious “ms ge ; she ass , ‘ . . . 
Fig. 3—Various forms of gear and shaft assembly. Fig. 5—Multiple-plate construction of gearhead provides open 


assembly and simple construction. Photo courtesy of Thomas 
\. Edison Industries, West Orange, N. J. 


all possible tolerances and options must be clearly con- 
veyed, and these should be realistically derived to give 
the desired results without incurring prohibitive costs. 

There are accepted standards of the American Gear 
Manufacturers’ Association (AGMA Standard 236.03) in 
general use for fine pitch gears. These classify gears 

: into distinctive groups in terms of manufacturing ac- 
/ curacies. There are large cost differentials among these 

















Two retaming rings Geor hub TE : 
gear classes, so that realistic selection of class of gears 
is important. The class of gear required is determined 


respec aaa hy the amount of total gearhead backlash permissible in 
gear assemblies that do not incorporate “anti-backlash” 


design features. 
0} The diametral pitch (D.P.) of a gear is the ratio of 
the number of teeth to the pitch diameter, with the latter 


in inches. Common diametral pitches are 72, 80, 96 and 














120. Within a given class of gear, the cost increases 
with the diametral pitch factor, so that gears with pitches 
no finer than necessary should be specified. It is common 


Collar Stepped shaft 


practice to use gears of various pitches within a single 


gear assembly to obtain the desired overall performance. 
am Certain materials have become commonly used and 
<>< specified for use in small gears: aluminum alloys, alumi- 
num silicon bronze, brass, stainless steels. Materials and 
al BES any finishes should be specified as completely as possible: 
Stepped shoft ond Two retoining rings as, for instance, aluminum alloy No. 2024 anodize (MIL- 
nS 88 A-8625 Type I) before tooth cutting, stainless steel type 
303, passivate (JAN C490A, Grade 2, Type 2). For best 





























Fig. 6—Various methods employed for positioning of gearhead wearing characteristics for the assembly, the pinion 
shafts. should be of material harder than its mating gear. For 
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use under unusually severe environmental conditions, 
gear materials are frequently selected on the basis of 
their relative positions in galvanic corrosion tables. 

Gearhead Structures. In the “plate” form of 
gearhead construction, two or more bearing plates are 
spaced apart by separators, with the various gears and 
pinions assembled between plates, Figs. 4 and 5. In small 
quantity applications, this design offers low cost, and in 
any case has the merit of permitting assembly and check- 
ing with the gears visible and accessible. A separate cover 
or shell is generally employed to enclose the assembly. 
An alternative general form of gearhead construction is 
the “housing-and-plate.” This employs a front bearing 
plate that is integral with the gearhead enclosure or 
housing, and a separate back bearing plate. With this 
construction, the extra cost of spacers is avoided but it 
is not economical for small-lot production, and the 
assembly of the gearing must be done blindly. With 
either method of gearhead assembly, means must be 
provided for axial locating and finally positioning the 
gears and shafts. Some of the common expedients for 
these purposes are shown in Fig. 6. 

Backlash and Play. Backlash in a gear train, and 
consequently in a gearhead assembly, is a composite 
function of individual gear dimensional tolerances (gear 
class), bearing and shaft fits, machined parts tolerances, 
types of bearings employed, and assembly techniques. 
Total effective backlash at the output shaft can be reduced 
by the use of an eccentric adapter plate, Fig. 7. The 
plate is rotated to a position of minimum backlash, but 
short of producing binding, and then secured by pinning. 
If the adapter plate is used as a gearhead mounting reg- 
ister, the use of the eccentric plate does not affect con- 
centricity of output shaft and mounting register; any 
eccentricity produced is between the output shaft and 
the gearhead housing, which is immaterial with most 
standard forms of instrument assembly and mounting. 

End or axial play is the total displacement of a shaft 
along its axis, Fig. 8. It is specified in thousandths of 
an inch movement with a given load on the shaft. Axial 
play can be controlled by bearing selection, by limiting 
overall accumulation of machined part tolerances, and 
by the use of loading springs or final assembly to take 
up the end play, Fig. 9. Output-shaft radial play or “run- 
out” is the total displacement of one end of the output 
shaft with respect to the other end, Fig. 10. Radial play 
is expressed in thousandths of an inch displacement at a 
specified distance from the fixed end of a shaft, under a 
given load on the shaft. Radial play is controllable by 
bearing selection, limiting the accumulation of machined 
parts tolerances, by limiting the distances between bear- 





ing centers, and by assembly techniques. 

Concentricity refers to the dezree of coincidence be- 
tween the centers of two or more circular surfaces, Fig. 
11. The concentricity of a gearhead output shaft is nor- 
mally specified with respect to one or more registers or 
mounting diameters on the front end of the gearhead. It 
is expressed in thousandths of an inch. 


Stops and Clutches. In many gearhead applica- 
tions it is necessary to provide a limit stop in order that 
the output shaft may be driven only a predetermined 
number of revolutions. In a miniature assembly such as 
an instrument gearhead, the mechanical problems of 
limit stop design may be considerable. Figure 12 shows 
a typical lead screw form of limit stop design. The 
major problem is that of selecting the most favorable 


~ ho eee 
\ Output plate of 
ar 4 gear head 

. \ 


Output geor \ 


Concentric f 
diameters 


\ 
Eccentric bushing 


Fig. 7—Eccentric adapter plate for reducing output shaft total 
play in gearhead. 


Spring washer against 


j inner race of bearing 


eor head 
Output shoft 
Fig. 9—Minimizing shaft end play by use of loading spring 
(left) or by locating pin between shaft and gear in final as- 
sembly. 
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Vig. 8 Shaft end play. 
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Fig. 10—Shaft radial play. 


Fig. 11—Concentricity of shaft and in- 
strument mounting surfaces. 
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End sto 
P lead screw 
Pinned to 
Pitch to meet requirements 
lead screw 
Adjustable stop 

Gear Set for desired 
Pinned to lead 


screw lead screw 


limits and pin to 


Bearing 


Guide rail 
Runner 


Fig. 12—Lead screw form of gearhead limit stop. 


location for the stop. If it is placed at the high speed or 
input end of the gearhead, the number of turns required 
and the resulting fine pitch of the lead screw may be im- 
practical or uneconomical. Placed at the low speed or 
output end of a gearhead, a limit stop is exposed to 
high torques and the physical sizes of the components 
of the stop must be increased to withstand the resulting 
mechanical stresses. 

It is sometimes necessary that a gearhead be equipped 


> 


with a slip clutch, Fig. 13. When used with a driving 


motor that will not tolerate stalled operation, or if 
there are mechanical torque limitations in the driven 
apparatus, for instance, the associated gearheads must 
he equipped with clutches. 


"Slin” 


Friction plate 
Spring washer 


Integral 
pinion and shaft 


One piece 


hub 


Adjustable clamp 
for torque setting 


Clamp screw 


Fig. 13° Gearhead slip clutch. Photo courtesy of Servonies, 
Inc. 
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The Team Approach in Applying 
Numerical Control to a Machine Tool 


(Continued from page 80) 


eral Electric. While the G-E serviceman was at Barnes’ 
plant, he was under the general supervision of the same 
Barnes engineer. This arrangement meant that any 
changes in the operation of the machine were made at 
his direction. and a great deal of time in working out 
the “bugs” was saved by not having to consult G-E 
Specialty Control on such changes from day to day. 

While the machine is flexible in some respects (par- 
ticularly the positioning system), it was necessary from 
the start to design the machine with a particular part in 
mind. As soon as the tape coding system was received 
from G-E, the programming of that part was started. 
lhis consisted of tabulating the necessary data for each 
hole to be machined so a tape could be punched on the 
Flexowriter. An example of a program sheet is shown in 
Fie. 4. The so-called “table dimension” is the angular 
position of the table measured from a reference point. 
Since the selsyn pick-ups are geared in units of 10, it 
was necessary to convert the angular spacing on the part 
drawing from degrees and minutes into degrees and 
decimal parts of a degree. The “head dimension” was 
taken from the pitch circle spacing on the drawing and 
a constant added to it to compensate for the spacing of 
the spindle quills. On the Flexowriter, the data are tran- 
scribed directly from the chart reading from left to right, 
then down to the next row. As indicated earlier, the 
letter symbols serve as address codes. For example, “C” 
tells the director that the next number coming up will 
select one of four tools. or spindles. for that operation. 

Mechanical Design Considerations. |t was evident 
to both groups of designers that with servo controls, 
attention had to be paid to such mechanical trouble 
sources as backlash in power gearing, windup in shaft- 
ing, and stickiness (stick-slip) in sliding ways. To this 
end, unit forces were kept low and extra machining 
accuracy was called for. Forced lubrication was con- 
sidered essential on sliding surfaces. The choice of a 
preloaded ball bearing screw was governed by such 
considerations. 

At the time this application was engineered, General 
Electric did not offer a standard line of NPC packages, 
such as the Mark II (two motion), but elements of the 
system had been developed. In the standard packages 
now available, servo motors, operator’s control, position 
pick-"1p units and tape readers are included. Four choices 
of servo drives are available: a thyratron adjustable- 
speed d-c motor drive, d-c motors controlled by am- 
plidynes, electro-hydraulic servo motor, or hydraulic 


OOC 


piston with servo valve. 
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DESIGN 
DATA 
SHEETS 


ALLAN D. KRAUS, Glen Cove, N.Y. 
1. For a 
a resistance and 
branch and a resistance and capacitance 
in the other, what is the resonant fre- 


parallel circuit containing 
inductance in one 


quency if 





In the capacitive branch 
Ze jhe 


Y; 
RR; Viol 


}/wl 
CR j/wl)(Re + J/wl) 


Z.A 
ductance of 


circuit contains an in- 
0.0004 


ance of 20 ohms, and an unknown ca 


series 
henries. a resist- 
pacitance. It is in resonance at 500 
kilocycles. What is the 
capacitor? What is the impedance of 
100 kilocycles? 


VN 


value of the 


the circuit at 





7 


L=-0.C 004 henry | 


f : 


3. The impedance of a circuit at its 
frequency of 63,700 eps 
is found to be 2000 


circuit 


resonant 
(w 400.000 ) 
The 


ductance and a capacitance in parallel 


j0 ohms. contains an In- 
as shown in the figure. The factor of 
merit (Q) of the 
Find the values of the inductance and 
The 


ciated with the coil. 


inductance is 4. 


capacitance. resistance is 


Impedance of inductive branch 


Jol. 
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Resonant Circuits 


Extracts from a design engineer's workbook . 


.. Ullustrations of 


ene approach to solving some commonly encountered problems. 
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Ri 
In the inductive 
Z1 Ry, 
yy 


Total admittance 


Kor resonance the within 
the brackets (the 3 i 


zero, 


quantity 


term) must equal 


The 


cir ult is 


resonant frequency of 


From which 
( 


where 


Substituting the values 


27(500 , 000) 3 14 xX 10 
1/(3.14 & 10°)? (0.0004) 
10-8/(3. 14)? (4) 10 

0.0253 & 10-8 


Admittance of inductive bran¢ 


Admittance of capacitive brane] 
) ( 
otal 


admittance 


R, 
\t resonance 


b A 2000 


0 OOO5 


0 OOOO 


C, the 
the radical reduces to zero 


expres- 
sion under 
and the circuit is uniquely resonant at 


ill frequencies. 
At 400 kiloeveles 
2r( 100,000) 


Inductive reactance 


X, wh = (2.51 


10.04 * 10 


LO)0 OOO4 


Capacitive reactance, 


Vv (200) (1004 


606 ohms 


But O 


So iP 


And 0 0005 
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W117 6) 100.000 

0 OOLLT6O henry 
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Fine-Wire Tension 
Safely Measured 
and Controlled 


DR. ERWIN J. SAXI 
TENSITRON, INc. 
Harvard, Mass. 


\ FREQUENTLY OVERLOOKED SOURCE of 
trouble in devices employing fine-wire 
windings is the lack of close control of 
tension on the wire during coil winding 
handling. The far-reaching 
consequences of excessive or variable 


or other 


tension, especially with finer gages of 
wires, are not always fully appreciated 
by designers of transducers, gyroscopes 


ef fi te 


; 


hd 


PE MEE DAE ALDEN ART IL 
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Fig. 1—Microphotograph of enamelled 
copper wire, No. 30 AWG, that has 
been exposed to tension less than re- 
quired to damage the wire visibly but 
sufficient to cause cracking of the in- 
sulation. 
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and other equipment that depend upon 
the stability and uniformity of fine 
magnet wire windings. 

In order to produce any kind of 
winding of wire, it is necessary to 
exert some degree of tension on the 
wire during the winding process. The 
magnitude and uniformity of the ten- 
sion, and the means of applying, meas- 
uring and controlling the tension are 
all critically important. Many of the 
used methods for wire han- 
dling during winding can be 
to be actually harmful to the wire and 
its insulation, with end results of com- 
ponent failures and erratic performance 
in service. 


commonly 
shown 


Figure 1 is a microphotograph of a 
stressed enamelled wire. It 
shows that damage to insulating enamel 
can readily occur when using wire ten- 
sions that are still not sufficient to 
cause apparent damage to the wire 
itself. Insulation fissures and flake-off 
occur when wires are caused to bend 
around sharp corners, by wires or vari- 
ous spots on the same wire sticking 


copper 


to each other or rubbing on the edges 
and sides of spools or bobbins. It is 
found that insulation damage can also 
occur when wire-tension devices such 
as serrated wheels or stationary felt or 
other friction pads are used. 

Every crack and opening in wire in- 
sulation is of course a potential source 
of voltage flash-overs and for winding 
short-circuits that may be detrimental 
to equipment performance. In addition 
to the question of insulation damage, 
excessive or variable tensions on wire 
during winding can adversely affect 
equipment performance by stretching 
the wire enough to produce significant 
increase in resistance and consequent 
lack of uniformity between windings 
even though the turns count may be 
maintained. The “necking-down” of 
wire can also be responsible for local- 
ized hot-spots in a winding and its 
ultimate resulting failure. 

The ultimate strength of copper wire 
can be considered to be in the order of 
60,000 psi., a conservative figure since 
it ignores the increase in tensile strength 
derived from successive drawing oper- 
ations. Experience has indicated that 
a safe tension to employ in wire han- 
dling is about 15,000 psi. Based on this 
permissible stress figure, the relation 
between recommended wire tension and 


Safe operating tension, gm 


| 
0, ee 
wo He OO SB DO BS BD 15 
Wire size, AWG 2 


Fig. 2—Recommended wire tension for 


enamelled wire in relation to wire size. 


wire size may be shown graphically as 
in Fig. 2. 

An instrument has been developed to 
measure wire tensions as they actually 
exist in a coil winding operation. Under 
running conditions, it measures dynamic 
rather than static tensions. In opera- 
tion the Tensitron tension meter, Figs. 
3 and 4, is mounted on a bracket from 
which it can be swiveled in any direc- 
tion. The wire is placed on the outside 
rollers and is held against the wheel 
guide by the setting of a trigger, which 
facilitates wire insertion. Upon release 
of the trigger, the center roller is lifted 
in proportion to the tension in the wire. 


The small deflection of the center 


Fig. 3 — Tension meter in bracket. 


Tensitron, Inc. 
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Fig. 4—The tension meter used with coil winding machine. (Coil Winding Equip- 


by i Es 


ment Co., Oyster Bay, L. 


Fig. 5—Tension control pulley with 
replaceable non-slip cover. Tensitron, 
Ine. 


negligible 


wire bending, is translated into a read 


roller, which causes only 


ing on the dial indicator in terms of 
tension. With this arrangement it is 
possible to observe wire tension con- 
stantly and to keep it within safe limits 
under all conditions during the winding 
process, 

In addition to means for tension 
measurement, flexible and positive pro- 
vision must be provided for controlling 
tension. As indicated in the foregoing, 
tension control should not be by means 
of exerting rubbing or bending friction 
on the wire surface. A new pulley, 
Fig. 5, introduces the concept of an 
expendable non-slip cover in combina- 
tion with a pulley of low inertia. Spe- 
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cial coverings have been developed to 
fit the pulley and to meet the require- 
ments for non-slip traction of wires 
bearing various types of insulation. 
The pulley is restrained against rota- 
tion by either electromagnetic action 
or by physical friction, controllable so 
as to permit obtaining the desired wire 
tension. 

One useful design of replaceable 
cover for the pulley is made of several 
layers of different colors in high con 
trast. As the upper layer wears, the 
under layer of sharply contrasting colo: 
becomes visible. This serves to indicate 
clearly when the cover requires re- 
placing. 


Glass-Reinforced 
Polyester for 
Arc-Quenching Service 


\ NEW. GLASS-REINFORCED hot-molded 
polyester material containing a_ high 
percentage of special mineral fillers has 
been developed by Rostone Corpora 
tion, Lafayette, Indiana. When exposed 
to an electric arc the material, Rosite 
3250,* is not carbonized and is there 
fore non-tracking. An added valuable 
characteristic is provided by the speci 
alized mineral fillers in that they are 
arc-quenching. 


Gas-releasing fiber materials have 


N 


been employed in sheet form directly 
in the path of electric ares to markedly 
Borax, tung oil, 
silicone, and numerous other treatments 


assist in quenching. 


of solid materials have also been used 
with varying degrees of success and 
permanency. From basic development 
work on the gas-releasing principle, 
Rostone Corporation first developed a 
cold-molded melamine-bonded material 
for non-tracking and are-quenching re- 
quirements. 

During the development work, it was 
learned that 
improved 


various fillers provided 
arc-interruptive and non- 
tracking characteristics when they were 
incorporated in the molded material. 
Figure 1 indicates the increased inter- 
rupting capacity in one instance when 
one typical filler, as used in an insulat- 
ing material, was progressively in- 
creased percentage-wise in the composi- 
tion. The interrupting capacity of the 
device was increased approximately 54 
per cent over the normal interrupting 
capacity by simply increasing the per- 
centage of the filler. 

Following the introduction of the 
cold-molded materials with non-track- 
are-quenching capabilities, 
comparable hot-molded material, Ro- 
site 3250, was introduced for use in 


ing and 


those applications which are peculiarly 
adapted to hot-molded parts because 
of intricacy of design and thinner cross- 
sections. 

One application is in the “Safety 
Switch Arc-Snuffer” manufactured by 
BullDog Electric Products Co., De- 
troit, shown in the accompanying photo- 
graph. This application requires the 
effect of arc-quenching gases to increase 
the interrupting capacity of the device 
efficiently. Previously, this had been 
accomplished by fabrication of a num- 
ber of fiber parts into the head assem- 
bly. The new one-piece molding (Fig. 


2) replaces the numerous pieces of the 








erties with 


Improved arec-interrupltive prop- 
various percentages of filler 
material with new glass-reinforced poly- 
ester molding material. 
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previous assembly. At the same time it 
provides increased quenching, improved 
dimensional stability under heat and 
moisture conditions, and improved 
dielectric and mechanical strength, with 
a saving through the elimination of the 
assembly operation. 

It has sufficient strength to resist 
breakage under the operating forces of 
the switching mechanism. It is non- 
burning, non-eroding, non-disintegrat- 
ing, and has non-tracking electrical 
characteristics when operated at its 
rated load of 600 volts for 6000 operat- 
ing cycles, and on an interrupted over- 
load current of 300 amp for 50 opera- 
minimum 


tions. For a temperature 


characteristic of 250 F, there is no 


warping, crazing, cracking. loss in 
strength, or deterioration of the insulat- 
ing material. It also has excellent re- 


sistance to moisture absorption. 
( Be 


{cknowledgement: Data for this report 
were provided by A. R. Holowenko, Pu 


due University. 


Printed-Circuit 
Rotary Switch 


MAINTENANCI 


EASE OF REPAIR AND 
have been achieved in the design of a 
new rotary wafer switch developed for 
the U. S. Navy by the Tabet Manufac- 
turing Co., Inc., of Norfolk, Va. The 
switch (Fig. 1) is composed essentially 
printed-circuit 
Fig. 2. With the spacing used on the 
phenolic laminate base for the wafers. 


of removable wafers. 


1000 volts can be applied across ad- 
jacent conductors. Contacts are radi- 
ally arranged on both sides of the 
wafers and are positioned so that an 
active contact segment on one side is 
directly opposite an inactive contact 
segment on the other side. The active 
and inactive segments are symmetrical 
in relation to the “off” position so that 
wafers can be inserted into the switch 
assembly without regard to which face 
of the wafer is toward the front. Cir- 
cuits through the contact segments are 
made by a double rotary arm, the con- 
tacts of which are staggered by the 
width of a wafer segment. The con- 
tacts are non-shorting; that is, the ro 
tary contact completely leaves one ac- 
tive segment before making contact 
with another. 

The wafers are held into the switch 
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Fig. 2 


Replacement of four pieces and six rivets by an integral hot-molded unit of 


improved electrical characteristics resulted in a lower manufacturing cost. 


ease of repair and maintenance, 


Navy-type rotary switch stresses 


d 


Fig. 3 
and receptacles for holding wafers in 
place and making electrical connections. 


Switch housing contains grooves 


frame by slots and a guide bar, and 
they make contact with receptacles to 
which the external circuits are con- 
nected (Fig. 3). When the switch is 
in the “off” position, a slot in the ro- 


Fig. 2—Printed-circuit wafers are easily 
removable from switch. 


Fig. 4 Switeh may also be motor-driven. 


tary mechanism is aligned with slots 
in the wafers so that any wafer can 
be withdrawn without otherwise dis- 
connecting or dismantling the switch. 

The Tabet switch may be motor- 
driven as shown in Fig. 4. To assure 
long life the contact surfaces for a 
motor-driven switch are plated with 


Normally they are silver- 


Mn 


plated. ) 


rhodium. 
O 


ELECTRICAL MANUFACTURING 





+ VOLTAGE 
REGULATED 
POWER 


SUPPLIES 


07 REGULATION 
0.1 70 STABILITY 


pc | oc 
OUTPUT | OUTPUT 
MODEL VOLTS | AMPS. 
SC-18-0.5 0-18 | 0.05 
SC-18-1 _0-18 
SC-18-2 | 0-18 | 0-2 
SC-18-4 “| 018 | 04 
$C-36-0.5 | 036 0-05 
SC-36-1 | 0-36 Ol 
$C-36-2 | 035 | 02 
SC-3672-0.5) 36-72 | 0-0.5 
SC-3672-1 | 36-72 | 01 


Beepcc 


offers more than 

120 standard voltage 
regulated power supplies 
covering a wide range 

of transistor, tube 

and magnetic types. 





























For complete specifications, 
write for Brochure B-591 


Model SC-32-2.5 


ATION 
i VLATIUIN 
J STABILITY 


} DC DC 
OUTPUT OUTPUT 
MODEL VOLTS AMPS. 
~ $C-32-0.5 032 00.5 
_ $C-32-1 032 Ol | 
_$C-32-1.5 032 015 
2SC-32-1.5 032 O15 — 
QUAL OUTPUT 0-32 | O15 
_$C-32-2.5 | 032 | 025 _ 
—S6-32°5_ | 032 | 05 
_SC-32-10 032 | 010 | 
_SC-32-15 | 032 | O15 _ 
_S$C-60-2 060 | 02 _ 
_$C-60-5 | 060 | 05 
2SC-100-0.2 0-100 , 0-0.2 
DuALOUTPUT | 0-100 | 0-0.2_ 
_$C-150-1 | 0-150 0-1 
SC-300-1 | 0-300 | 0-1 


} 
Elan de a 8G 


& > Pa, f mAT , 
4 % & € 3 y ILA I {ON 
ie bed i . —v) 


a pa sf / ny 
ae a OS Ga * YQIADILITY 


COMPACT PACKAGE TYPE 

ae oe 

| OUTPUT | OUTPUT 

MODEL | VOLTS | AMPS. 
PSC- 5-2; 0-75, 2 
PSC-10-2| 75-125 | 2 
PSC-15-2 | 125-175 | 2 
PSC-20-2 | 175-225 2 
PSC-28-1 | 225-325 | 1 
PSC-38-1 325-425, 1 


main. 8 a PI ig OI at NO I, 


131-38 SANFORD AVENUE + FLUSHING 55, N.Y. - INDEPENDENCE 1-7000 
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Tiny Die Casting 
in Computer 
Programming Plug 


Pr. J ADAMEK,. Project: Engineer 
INTERNATIONAL Business Macuines Cort 


Endicott, N. ¥ 


PO SET SPECIFIC TASKS or programs for 
IBM punched-card machines, 


ers” of various lengths, Fig. 1, are 


“yump- 


inserted in varying patterns in pro- 
gram boards, Fig. 2. In the develop- 
ment of the patch-cord plug the de- 
sign objectives were that the plug must 
be readily pulled from the board when 
required and yet resist accidental re- 
moval, that it must be capable of com- 
pletely automatic assembly because of 
the high volume requirements, and 
sufficiently low in cost to meet the de 
mands of mass production. 

After a 


various fabricating techniques, includ 


thorough investigation of 
ing stamping, IBM developed a novel 
plug employing a tiny diecast plug 
nose. Originally, the patch cord em 
ployed plugs having stamped plug 
noses, but this was not satisfactory 
because neither seating nor release was 
reliable since these actions depend on 
a tiny lip protruding from the stamp- 
ing. This either protruded too fat 
causing the nose to stick in the sleeve. 
or it lost its spring action and flattened. 
resulting in a loose fit so that the plug 
easily fell out. 

The inherent design flexibility of die 
casting, which would allow produc- 
tion of a rigid part of complex shape 
to extremely close dimensional toler- 
ances, made a cast design attractive. 
hut some hesitation was felt because 
of the small dimensions involved. Jn 


collaboration with the engineers of the 


Fig. 2 


cords in program boards. 
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“yumper 


Various styles of programming 
cords employed with IBM 


punched-card machines 


Gries Reproducer Corp., a die-cast 
plug nose was developed giving sub- 
stantially better performance than the 
stamped plug nose. The specialized 
Gries technique of automatic die cast- 
ing of very small parts made possible 
the successful design of a plug having 
the required degree of accuracy and 
yet economically feasible. 

The problem of accidental removal 
of plugs from program boards is a 
serious one, since this can happen 
either in stacking the boards for stor- 
age or during assembly of the boards 
to the machines. Since the boards, with 
the plugs in a pre-set pattern, are as- 
sembled to the machines with some 
mechanical force, plugs which do not 
fit properly can be dislodged by the 
contact springs mounted on the ma- 
stacking of the 
boards in storage may cause accidental 


chines. Similarly, 


removal due to the rough handling 


Use of the new die-cast plug nose prevents accidental disconnection of 


involved. In the new design, Fig. 3, 
positive action is achieved by means 
ball-detent design. The plug 
consists of a four-piece assembly : 
the die cast plug nose, a coil spring 
and a ball all locked into a steel sleeve. 
When pulling out the plug to change 
program setups, the die cast nose 
moves slightly out of the steel tube, 
allowing the ball to drop down and 
permitting the plug to be released. On 
the other hand, pushing on the plug 
upon insertion wedges the ball on the 
inclined track and prevents the plug 
from being accidentally pushed out of 
the board. The action is indicated in 
Fig. 4. 

An especially critical requirement 
was for extremely close tolerances in 


ot u 


the dimensions of the die cast nose, 
which measures only 0.913 in. long and 
0.150 in. max OD. Since the operation 
of the nose depends on the motion of 
the ball, the ball track is an important 
element. Even the thickness of the 
nickel plating used to reduce friction 
and prevent corrosion requires careful 
control. The design of the plug nose 
permits fully automatic casting, and 
the entire plug and associated pro- 
automat- 
O00 


gram wire are assembled 


ically. 


Fig. 3—Four-part assembly of new plug. 
The long plug nose is automatically die 
cast by the Gries Reproducer Corpora- 


tion, New Rochelle, N. Y. 


Plug nose 


Contact Panel 
spring 


- ee 
UTZ EANNNW, SEE 
Ylly 


Vinyl insulation 


Plug wire 


Fig. 4—Plug can be removed only by 
pulling from the front of the panel, pre- 
venting accidental pushing out from the 
back. When plug nose enters the front 
of the panel, top, the edge of the panel 
hole depresses the ball. When plug is 
fully inserted and making electrical con- 
tact, bottom, the ball is tightly wedged 
by the inclined plane in the plug nose. 
Plug can be removed only by pulling on 
the cord, as this causes nose piece to 
move forward and release the ball. 
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y THIN 
ger . UNDER 


wx GUARDIAN 


POWER 
RELAYS 


Amperes 


D. P. S. T. 


Contacts: double pole, 
single throw, normally open. 
Size: 2's" L. x 2%" W. x 2%" H 
Weight: 9% ounces 
D. P. D. T. 


: , aes ; Contacts: double pole, 
Built to meet U/L specifications Pears io 


Size: 3%” L. x 2%” W. x 2%" H. 


Weight: 11 ounces 
Contacts rated at 


Interchangeable Coil Assemblies... 25 amperes, continu: 
(No Solder Connections) ous duty, at 230 v. A.C. 


@® Guardian's new double pole, single throw, normally open, 
25-ampere power relay and the already popular double pole, 
double throw, 25-ampere power relay afford a wider latitude of 
control for motor starting, heater loads and such heavy duty indust- ‘einem 

rial control applications as elevators, conveyors, electronic ovens, uapeeeneind ond baked 
machine drives and automated systems. Both versions carry inter- Call deeie~epeeeumatle 
changeable coil assemblies that range in value from 6 v. A.C. to 080 amperes at 115 v., 60 cycles 
230 v. A.C., or from 6 v. D.C. to 110 v. D.C. Each relay is ideally Operating power 9.5 volt 
suited to experimental work, electronic design, prototype units amperes, 60 cycles 

and for meeting on-the-spot changes of electrical characteristics Screw type terminals 

at any stage of design, development or production. Two hole mounting 8-32 


clearance on 1%" centers 


with 75% power factor 


Coils: 6 v. A.C. to 230 v. A.C 
or 6v. D.C. to 110 v. D.C 


Coil insulation is elec 


Powerloid Series 155-A 
Write for Name of Your Nearby Industrial Distributor 


GUARDIAN 1G] ELECTRIC 


MANUFACTURING COMPANY 
1627-B W. WALNUT STREET, CHICAGO 12. ILLINOIS 
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New Connector 
Solves Problem 
in Atomic Hot Cell 


IN DESIGNING A HOT CELL for reclaim 
ing uranium fuel from atomic reactors, 
(Atomics International of Canoga Park, 
Calif., had to devise a means of con- 
electrical 


necting and = disconnecting 


equipment remotely by means of a 
mechanical manipulator. The conven- 
tional type of electric plug could not 
be used because of its close tolerances 
and the need for exact positioning. To 
align and insert such a plug perfectly 
by means of a remote manipulator 
would be a slow, tedious procedure. 
In addition, if the pins of such a plug 
should become damaged or out of line 
for any reason, the plug would be 
unusable. 

To meet the problem, Cole Electri: 
Co., Culver City, Calif., developed a 
new type of self-aligning connector 
which operates on the ball-and-socket 
principle. Four of the units are shown 
in Fig. 1 at the ends of the two cables 
in the frame which is being lowered 
by means of a crane hook. The con- 
nectors automatically compensate io! 
imperfect alignment of pins and can 
disconnected 


be easily connected or 


Fig. 1—-Hot cell for reelaiming uranium 
fuel from atomic reactor where electrical 
connections must be made by means of 
remotely controlled manipulator. 


even when pressure is applied at an 
angle. A 


is shown in Fig. 2. Less than 8 oz pres- 


lose-up ot two connectors 


sure per pin is required to operate a 
connector rated at 50 amp per pin. 
Because of their unique design, the 
pins are not damaged by arcing. The 
connectors can be made in any size 
or shape and can contain any number 
assortment of 
current-carrying capacities. 


of pins in a_ wide 


Fig. 2—Specially designed connector 
uses ball-and-socket principle to allow 
good connection without need for close 


alignment of mating parts. 


Urethane Foam 
Protects 
Missile Instruments 


URETHANE FOAM made by Isocyanate 
Products, Inc., Wilmington, Delaware, 
Standard Plastics, 
Breinigsville, Pa., for packaging sensi- 


is being used by 


tive electronic equipment in missiles 
and rockets. 
The sphere of foam withstands im- 


(Left) Highly-sensitive electronic equipment carried in nose 


cone of a missile is packaged in a cocoon of urethane foam. 
Shown is a segment of the foam sphere. A dense, hard urethane 
foam material is used for the outer shell, while the instruments 
are encased in a softer foam. 


(Below) The urethane foam sphere is a complete package of 


delicate recording 


instruments carried in missiles. 
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tour-color 


monitoring 


new lighted pushbutton switch 
only 7/s-inch square 


Sub-panel mounting shown. 
Filush-panel and matrix 
mounting available. 


Especially designed for matrix 
applications, this new Electrosnap 
Four-Color Lighted Pushbutton 
Switch is available with a variety of 
mounting methods and terminations 
to fit your specific application. 
Switching element utilizes two Single 
Pole, Double Throw subminiature 
switches, non-simultaneous, with 
Alternate Action (push-on, push-off) 
or positive-feel Momentary Action. 
Switches and lamps may be interwired 
or terminated independently. Color 
filters available in combinations of 
any of six standard colors, plus white. 
For indicating duty only, unit is 
supplied without switches. 


Drastically reduces pane/ space 
requirements. 


Designed to meet human factor 
specifications. 


Switches mount in matrix on %-inch 
centers, both directions. 


Mechanical Interlocking for master 


We would like to send you a specification 


resetting or mutual cancellation. 


All four bulbs and color filters easily 
removed from front of panel. 


Mounts with or without barriers. 


Switch 


Element —>— | 


Alternate 
Action or 
positive-feel 
Momentary 
Action 
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Lamp Module 
Four bulbs and color filters project monitoring signal on 
target screen. Complete assembly removable as a unit from 
front of panel. Module shaft keyed for proper positioning 


Circle 139 on page 17 


drawing which meets your requirements. 
What are they? 


ELECTROSNAP CORPORATION 
SWITCH DIVISION 

West Lake Street, Chicago 24, Ill. 
Teiephone VAn Buren 6-3100 e TWX No. CG-1400 


Target Screen 
— Diffusing button 

insures even color 
distribution over 
entire surface. 
Baffles available 
for lighting halves 
of screen. 

Actuator Yoke 

Easily slides out for quick 

front-pane! removal of 

lamp module 
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pacts up to 45.000 g. 
ment from vibration and shock, 


It protects equip- 
from 
the launching to the time it is ejected 
and returned to earth. This cocoon of 
urethane foam consists of an outer shell 
of hard foam (20-lb density) contain- 


ing a core of soft foam in which is 
embedded the 
The softer 


tects the 


electronic equipment. 


foan: (6-lb aensity) pro- 


costly, delicate equipment 
from vibrations and helps cushion the 
impact upon return to earth. 

Because of the buoyancy of the ure- 
thane foam. the sphere will float for 
long periods of time, making it possible 
to recover the equipment if it lands in 
water. The sphere is constructed by 
first molding the outer shell in halves. 
Then, the heaviest part of the equip- 
ment is embeddeu in a separate shaft 
of hard foam. The softer 6-lb foam is 
poured into the cavity around the other 
parts of the equipment. 

The two halves are cemented together 
by the use of adhesive derived from 
urethanes. and an outer covering ot 
another material is wrapped around the 
package to protect it from heat while 
it is falling through the atmosphere. 
This skin splits off upon impact with 
the earth or water. 

The Du Pont company manufactures 
Hylene organic isocyanates, one of the 
chief raw materials used in foam man- 
ufacture. ‘ 


Dynamometer Includes 
Speed and Starting 
Torque Measurement 


WILLIAM M. DUTTON 


Test Equipment Engineer 


Boeinc AIRPLANE COMPANY 
Seattle, Wash. 


IN THE EFFECTIVE APPLICATION of small 
motors by users of these components, 
it is necessary to have reliable and 
accurate knowledge of their cardinal 
performance factors. Specifying speed, 
at a given load torque and _ starting 
torque, for a small motor is one part 
of the applic ation process, but ‘measur- 
ing these quantities for particular mo- 
tors is also essential. 

Confronted frequently with the need 
to test small and instrument types of 
motors. engineers of the Boeing Air- 
plane Company devised a dynamometer 
motor 
error margin of 0.01 per 
cent and also to measure motor start- 


equipped to measure speed 


within an 


ing and running torque directly, up to 
30 oz.-in. Design objectives for the 
dynamometer included low cost and 
convenience and speed in use in addi- 
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Fig. 1—Small motor dynamometer developed by Boeing Airplane Company for rapid 
and accurate running torque, speed and starting torque measurement-:. 


Magnetic clutch . 
Warner Electric 
Clutch and Brake Co) 








Y 
Flexible 








id 



































1 











. 2— Diagram of dynamometer. 


tion to accuracy of measurement. 
\ 400-cycle 
control motor is shown in testing posi- 


synchronous gearhead 


tion on the dynamometer, Fig. 1. The 
diagram of the dynamometer, Fig. 2, 
reveals the principles of operation of 
the device. Through a flexible bellows 
form of coupling, the motor is con- 
clutch. The 
clutch permits a controllable torque to 
be transmitted to a shaft carrying a 


nected to a magnetic 


lever arm with a weight and a pointer 
that is free to move over a calibrated 
visible in Fig. 1. Provision is 
locking the weighted 
lever and pointer for measuring start- 
ing torque. For a motor torque test, a 
potentiometer in the d-c supply to the 
magnetic clutch is adjusted until the 
torque is transmitted to the 
weight, as indicated on 
scale. The motor is then 


scale, 
also made for 


desired 
lever and 
the torque 


1 
‘Minioture 
switch 


stopped and the torque lever locked 
with the clutch 
potentiometer left undisturbed. The 
setting of the latte: a shaft 


torque as measured in the initial test. 


at its zero position. 


represents 


The motor is then energized again. If 
it rotates, it has been determined that 
the motor will start under the cali- 
brated load 


the clutch . potentiometer setting. 


torque corresponding to 


To measure motor speed, an_ elec- 


tronic counter is used in connection 
with a self-interrupting electrical trip 
Fig. 3. 
shaft, Fig. 2, 


a single notch that 


as indicated in the schematic. 
4 cam on the 
is provided with 
admits the actuator of a SPDT minia- 
ture snap-acting switch. With the test 


motor 


motor running under a desired con- 
dition of applied torque load, depress- 
ing the START TES1 transmits 


28 volts d-c to a relay when the cam 


button 
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HERE'S WHY.. 


ROYAL ELECTRIC TYPE- 
WRITERS. ‘‘Bodine Motors 
were selected because of 
their convenient, compact 
size; quietness; and effi- 
cient operation which turns 
out a true rated power. 
Reliability, of course, was 
our first consideration.’”’ — 
Royal Typewriter Division, 
Royal McBee Corporation. 


JOHNSON AUTOMATIC 
COIN COUNTERS. ‘We re- 
quired a small, powerful 
motor for our coin coun- 
ters... and were ableto 
obtain a motor that fitted 
our needs from Bodine’s 
wide selection. We have 
used Bodine Motors for 
over 13 years, and find 
them to be extremely re- 
liable."’ —Johnson Fare 
Box Company. 


Leading business machine manufacturers 
power their products with Bodine Motors 


REMINGTON RAND AUTO- 
MATIC CALCULATORS. ‘‘We 
require a motor with a high 
torque for its size. Bodine 
Motors meet these require- 
ments without excessive 
temperature rise . . and 
they're exceptional for re- 
liability and performance.’ 
—B. H. Tingley, develop- 
ment engineer. 


REX-O-GRAPH DUPLICA- 
TORS. ‘‘We tested all in 
duction type motors. 
Bodine was the only one 
that met our requirements 
in starting torque, weight, 
breakdown torque, size, and 
reduction gear dimensions. 
Service on this motor has 
been almost nil.'’—General 
Binding Corp. 


New model business machine motor! 


Ask for a copy of newly published Technical 
Bulletin #1034. It tells the story of Bodine's 
newest model business machine motor 
the FSE-23. It’s only 2%" high weighs 
only 1 pound, 11 ounces . . packs plenty of 
power. And it’s rectangular in shape . . fits 
into minimum space. Send your request to 
Bodine Electric Company, 2506 W. Bradley 
Place, Chicago 18, Illinois 
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fractional 


7 horsepower 


Circle 140 on page 17 


HEDMAN CHECK WRITERS. 
‘We require motors that 
are small, quiet, sturdy, 
long lasting, trouble free, 
and supply the high torque 
needed. We've used Bodine 
Motors for 36 years . . 
their engineers are always 
willing to help with our 
motor problems."’ —C. W. 
Johnson, vice president. 


BRUNING COPYING MA. 
CHINES. ‘‘The only reason 
we buy Bodine Motors is 
that we could not buy a 
product of equal quality 
elsewhere.’ —John P. 
Arndt, works manager, 
Chicago factory. 


Other applications for Bodine Motor 

vending machines, instruments, 
communication equipment, s¢ und 
recorders, automatic scales, respi 
rators, voltage regulators, X-ray 
timers, traffic signal timers, stirrers, 
sanders, letter openers, envelope 
sealers plus many, many other 
applications 


...the power behind the leading products 
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DESIGN TRENDS > a ( : Fig. 3—Dynamometer and speed-meas- 
’ ’ ; ? uring circuit. Supply voltages and 
capacitor values in the test-motor cir- 
cuit can be varied for particular motors. 





notch permits the miniature switch to 4 y NAA, 
close the relay coil circuit. The relay : 

is equipped with locking contacts, so Magnet 
that it remains closed for one complete r 
cam and motor revolution. While under -——— 
closed, the relay applies a 400-cycle t J = 
signal voltage to an electronic counter. 
At the end of one revolution, the relay 
holding circuit is opened and the count 
is terminated. The count of 400-cycle 
pulses over exactly one revolution i- 
readily and precisely convertible to 
speed in rpm. A count of 4000 over 
one revolution, for instance. indicates 
one revolution in ten sec with a 400- 
cycle signal, or a motor speed of 6 Start test 4 


————— 
rpm. \ counter successfully used with 





the Boeing motor dynamometer is the —~— 
Hewlett-Packard Type 522B_ Elec- 


tronic Counter 


Design Note 


Chart for Power-Factor Capacitor Selection 


WHEN THE SELECTION of capacitors for when C is connected across the load. (2) Find point P’ on tae circle are. 
power-factor correction is a recurring In using the chart, the procedure is corresponding to the new power factor 
task. a chart can be used to simplify as follows: by taking OQ’ PF’. Draw line OP’. 
and speed the process. Given a load (1) Draw the first quadrant of a unit (3) Find point P corresponding to 
with an original power factor PF circle centered at the origin of the the original power factor by taking 
cos @, a chart such as Fig. 1 will per- coordinate axes. The base is powe1 OO PF. 
mit the finding of a value of capaci- factor, and the vertical axis is a co- (4) Draw PT parallel to OP’. The 
tance C that will correct the power efficient, c. defined as “dimensionless value of the coefficient c is thus found. 
factor to a new value PF’ cos 0’, capacitance.” (5) Calculate the value of the de- 
sired capacitance, C, from 
| ( 
where 
A 10°/2n f I 


| line voltage 


AK VIe (in microfarads) 


/ load current before power factor 
correction, amp 
f = line frequency, cycles per sec 


The factor K represents the capaci- 





tor required to correct a power factor 
from zero to unity for a load of 1 volt- 
amp. Values for K for a few common 
voltages and frequencies are given in 
Table I. 


The use of the chart and of factor « 








can be demonstrated by an example. 
Given a load of 2 amp and PF 0.65. 
with } 115 volts and f 60 cps. 
it is desired to find the capacitor ¢ 





to correct the power factor to PF’ 
(Continued on page 140) 


t 


+- 


Table |! 





4 
| 

| 
| 
| 
i 
4 
| 
| 


V, volts K 
115 2006 


} 
| 
| 
| 
| 
| 208 0613 
230 0501 
ei 05. 06 O7 110 : 2631 
— 115 2407 
Power factor 220 0658 
230 0602 








: -_—————+ 


hb 


5 
e ] 








Fig. |—Chart for determining capacitance for power-factor correction. 
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new transistors from Sprague* 





ae SUPER HIGH-SPEED 
f £ £ SWITCHING TRANSISTORS 
TYPE 2N501 


* 
Typical Maximum Units 





Rise Time (t,) 9 18 musec Also available as special type 2N501A foe 


~ 





Storage Time (t,) 9 12 musec 100° C. maximum storage and 





Fall Time (ts) 7 10 musec junction temperatures. 





In circuit with current gain of 10 and voltage turnoff. 


This table tells the story. Sprague Type 2N501 germanium micro-alloy diffused-base 
transistors are the fastest mass-produced transistors available anywhere! They are 
unexcelled for high-speed computer applications. The ultra-low rise, storage, and 
fall time cannot be matched by any other transistor. 


Ultra-precise process control in manufacture results in superb and consistent high 
quality. The basic electrochemical process of fabrication takes the guesswork out of 
transistor manufacturing. The result is outstanding uniformity of product. 


Because of the electrochemical process, Sprague is able to fabricate a graded-base 
transistor with no intrinsic base region. The Type 2N501 can thus maintain its super 
high-speed switching characteristics right down to its saturation voltage, providing all 
the advantages of direct-coupled circuitry with no impairment of switching speeds. 


Type 2N501 Transistors are available from Sprague now at extremely reasonable 
prices. They are transistors you can use today! You need not delay your development 
work for the future when you design high-speed switching circuits with Type 2N501 
Micro-Alloy Diffused-Base Transistors. 


Write for complete engineering data sheet to the Technical Literature Section, 
Sprague Electric Company, 307 Marshall Street, North Adams, Massachusetts. 


* Sprague micro-alloy, micro-alloy diffused-base, and surface barrier transistors are fully 
licensed under Philco patents. All Sprague and Philco transistors having the same 
type numbers are manufactured to the same specifications and are fully interchangeable. 


® 
SPRAGUE COMPONENTS: 
TRANSISTORS + CAPACITORS + RESISTORS , 


MAGNETIC COMPONENTS « INTERFERENCE FILTERS 


PULSE NETWORKS «+ HIGH TEMPERATURE MAGNET the mark of reliability 
WIRE + CERAMIC-BASE PRINTED NETWORKS 


PACKAGED COMPONENT ASSEMBLIES 
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Design Note (Continued), 


0.90. On Fig. 1. using OY’ 0.90 and 
00 0.65, c is found to 0.446. 
From Table I, K 0.2006. and C 
(0.2006 )} (115) (2.0) (< 446) 
20.6 yf. 

Figures 2 and 3 illustrate the ana 
lytical basis for the chart of Fig. 1. 


From the phasor diagram in Fig. 2: 


I’ cos 6’ I cos 6 (1) 


sin 6 I sin 6 (2) 


I (sin @ tan 4# cos @) (3) 


Substituting in Eq (3). 
10° ; 
[ a 1) (sin 6—tan 6’ cos #) (A) 
2rf V2] 


Let 


sn @ tan 6 cos @ 
then 
( KV le 


A circle centered at the origin of an 


x, ¥ coordinate system. Fig 


y 
3. can be 
expressed by: 

sin 6 (8) 


cos 6 (9) 


Potentiometer 
Uses Metal 
Winding-Card 


NEW MATERIALS AND 


PROCESSES are 
combined to create a distinct departure 
in the design of winding-cards used 
as resistance elements in potentiom- 
eters, a development of the Clarostat 
Mfg. Co.. Inec., of Dover. N. H. Smoother 
operation of the potentiometers, to- 
gether with longer life and greater 
power-handling capacity, result from 
the new technique. 

The process is based on the use of 
a coated metal strip in place of the 
usual phenolic or other insulating ele- 
ment. The coating, microscopically 
thin but of high dielectric 
serves as the insulated core for the 


constant, 


winding. The metal core provides far 
greater winding heat dissipation, per- 
mitting operation at higher tempera- 
tures. 
Another 
metal strip is that 


advantage of the coated 
height 
for wiper contact is more uniform 


winding 


than with other types of winding-card, 
resulting in better distribution of wear. 
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Cireuit and phasor of load and corrective capacitor. 


Substituting in Eq (6) 

c ) r tan 6 (10) 
On the circle. a point P corresponds to 
angle @ and a point P’ corresponds to 
#’. Line SQ is given by x tan @’. There 
fore: 


PS \ rtan@ 


Comparison with Eq (10) indicates that 
line PS is a geometrical representation 
of the factor ¢ which may be used. to- 
gether with the appropriate value of 
K in Eq (7). to determine the value 
corrective  capacl- 


ot powel factor 


tance. 


> 


Fig. 3—Derivation of chart for capacitor 
determination. 


New potentiometer winding card is metal with thin insulating coating. 


smoother mechanical action and longer 
life. The insulating coating, applied 
by an anodizing process, is used in 


many of the precision wire wound 


potentiometers currently produced by 


Clarostat. 
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FAST DELIVERY: 
PROTOTYPES — 7 to 10 days 
PRODUCTION — 2 weeks 


RESEARCH & DEVELOPME 
constantly designing, 
testing, improving 


meter cete 


NATIONAL FIELD SALES ENGINEERS 


\ 
for at-your-plant assistance a 


UNCONDITIONAL GUARANTEE 
all Grant Slides guaranteed 
against defects in work— 
manship or materials 








MULTI-PLANT OPERATION 
west and east coast facilities 


oto 


= 


~ 








een mmee ign 








TREMENDOUS 
VARIETY OF SLIDES 
Stancard and special 
types... priced right 
every time too 


write for Your copy of the Grant Catalogue 


The nation’s first and largest manufacturer of slides. 
GRANT INDUSTRIAL SLIDES 


GRANT PULLEY & HARDWARE CORPORATION 119 HIGH STREET, WEST NYACK, N. Y. ® 
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944 LONG BEACH AVENUE, LOS ANGELES 21, CALIF. 
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Association Activities 





Western Joint Computer Conference 
Program Set for March 3-5 

Papers on subjects ranging from new 
components and circuits to “blue sky” 
advance thinking are scheduled for the 
1959 Western Joint Computer Confer- 
ence to be held March 3-5 at the Fair- 
mont Hotel, San Francisco. Sponsoring 
organizations are the IRE, AIEE and 
The Association for Computing Ma- 
chinery. 

The opening session on new com- 
ponents is intended to be a belwether 
for future systems development. Em- 
phasis will be placed on new types of 
memory systems such as the multiload 
transfluxor, multiple-aperture devices 
(MAD). a new magnetic matrix mem- 
ory, twistor elements and square-loop 
magnetic logic circuits. 

Two sessions are to be devoted to in- 
formation retrieval and machine trans- 
lation. Another session will be devoted 
to education and methodology for use 
of computers. New uses for old com- 
puters will be explored as well as the 
beginnings of the demand for even 
more sophisticated systems. Still an- 
devoted to the 
philosophy and responsibility of com- 


other session will be 


puters in society. 

One session will be devoted to analog 
simulation and the session on military 
applications will include much data on 
digital computer techniques. An IBM 
speaker will deal with the role of digital 
computers in the dynamic optimization 
Automatic de- 
sign of logical networks using boolean 


of chemical reactions. 


algebra is another paper of broad inter- 
est. The “blue sky” session will largely 
deal with future capabilities of the 
high-speed electronic computer. 


Design Engineering Conference and 
Show to Return to Philadelphia in May 


The fourth annual Design Engineering 
Conference sponsored by the Machine 
Design Division of the American So- 
ciety of Mechanical Engineers this 
year will return to Philadelphia, where 
the first conference was held in 1956. 
It is scheduled for Convention Hall 
in Philadelphia, May 25 to 28. The 
Design Engineering Show, the exposi- 
tion devoted to research and develop- 
ment, also will be held at Convention 
Hall. About 400 companies are ex- 
pected to exhibit, according to Clapp 
& Poliak, Inc., producers of the event. 

Exhibits, which are prepared to aid 
in the designing of end products. in- 
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clude mechanical components, power 
transmission equipment, electrical and 
electronic components, metals, non- 
metallic materials, fasteners and ad- 
hesives, finishes and coatings, shapes 
and forms, hydraulic and pneumatic 
components, and various engineering 
equipment and services. 

Advance registration cards, confer- 
ence programs and hotel information 
may be obtained from Clapp & Poliak, 
Inc.. 341 Madison Ave., New York 17. 
8 


National Electronics Conference 

Names Officers 

Virgil H. Disney. director of electrical 
engineering research at Armour Re- 


search Foundation, has been elected 


president of the National Electronics 
Conference for 1959. Other officers 
named for the next conference to be 
held October 12-14 at the Hotel Sher- 
man in Chicago are: executive vice 
president, Lawrence W. Von Tersch, 
Michigan State University; 
George E. 
treasurer, 


secretary 
Anner, University of Illinois: 
Gordon J. Argall, DeVry 
Technical Institute; and assistant treas- 
urer, Harold E. Ellithorn, University of 
Notre Dame. 

The newly elected NEC chairman of 
the board is Alfred Crossley, president 
of Crossley Associates, Inc. Executive 
secretary elected for 1959 is Joseph J. 
Gershon, DeVry Technical Institute. 

NEC is sponsored by American In- 
stitute of Electrical Engineers, [llinois 
Institute of Technology, Institute of 
Radio Engineers, and Illinois and 
Northwestern Universities. Participants 
are: Michigan, Michigan State, Notre 
Dame, Purdue, Wayne State and Wis- 
consin Universities, Electronic Indus- 
tries Association and the Society of 
Motion Picture and Television Engi- 
neers. 


Institute of Printed Circuits 
Opens Membership 
Users of printed circuits are now 
eligible for membership in the Institute 
ot Printed Circuits, according to an 
announcement from W. J. McGinley, 
president of Methode Mfg. Corp., and 
president of the IPC, 27 East Monroe 
St., Chicago 3, IL 

The Institute, formed in 1947, has 
recently published a book entitled 
“How to Design and Specify Printed 
Circuits.” The objective of IPC is to 
accelerate the growth of the industry 
through the development of standards, 
through activities which will advance 
the technology, and through promoting 
the attributes of printed circuits. 

Decision to widen its scope of mem- 
bership was made to accommodate 
companies who use 
printed circuits in their equipment. 


manufacturing 


National Automatic Control 

Conference 

Technical papers are now being solic- 
ited for the 1959 National 
Control Conference, sponsored by the 
IRE Professional Group on Automatic 
Control with official participation by 
the American Institute of Electrical 
Engineers, the Instrument Society of 
America, and the IRE 
Group on Industrial Electronics. The 
Conference will be held November 4-6. 
1959, at the Sheraton Hotel. Dallas. 
Texas. 

Before the deadline of June 1. four 
copies of summaries should be = sub- 
mitted to the Technical Program Chair 
man, G. S. Axelby, Westinghouse Elec- 
tric Corp., Box 746, Baltimore 3. Md. 
In order to facilitate selection of 
papers, the 1000- to 1500-word sum- 
mary must: (1) state clearly what has 


Automatic 


Professional 


been accomplished; (2) indicate (a) 
whether — the 
theoretical or 


material is primarily 
experimental, (b) 
whether practical applications are in- 
cluded, (c) whether the paper is be- 
lieved to be 
or an extension of an earlier paper: 
and (3) include a_ pertinent bibliog- 
raphy. 


an original contribution 


Accepted papers will be published. 


National Conference Set on Application 
of Electrical Insulation 


As a result of the success of the first 
conference held in Cleveland in 
September 1958, the second National 
Conference on the Application of Elec- 
trical Insulation has been approved by 
the American Institute of Electrical 
Engineers and the National Electrical 
Manufacturers Association, 
sors, with other technical societies sup- 
porting. It is scheduled for December 
8-10, 1959, at the Shoreham Hotel. 
Washington, D.C. An exhibit will be 


co-spon- 
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DISTRIBUTORS 


Earl B. Beach Co., Pittsburgh, Pa 
Phila. (Clifton Heights) Pa 
Brooks Electrical Supply Co., Inc., Baltimore, Md. 
John H. Cole Company, Oklahoma City, Okla. 
Electrical Insulation Sales Co., Rutherford, N. J., 
Electrical Insulation Suppliers, Inc., Atlanta, Ga. 
Electric Motor Supply Company, Denver, Colo 
Hanna & Ferguson. Rochester, N. Y. 
Hippler Sales Company, Webster Groves, Mo 
Insulation Manufacturers Corp. 
Chicago, lil. Cleveland, O 
Dayton, O. Milwaukee, Wis. 
Detroit, Mich. Pittsburgh, Pa. 
J. F. Kerrigan & Co., Hamden, Conn. 
C. D. LaMoree, Los Angeles & Berkeley, Calif. 
Punt, Inc., Floral Park, N. Y¥ 
C. E. Riggs, Inc., Portland, Ore., Seattle, Wash. 
J. P. Scanlon, Rochester, N. Y. 
Summers Electric Co., Inc., Dallas, Houston, 
San Antonio, Austin, Texas 
White Supply Company, St. Lovis, Mo. 


Export Agent: Lionel-Essex International Corp., New York, N.Y 


FEBRUARY 1959 


_--silicone electrical insulation 


Varsil has long been considered the ideal where dependable elec- 
trical insulation under sustained high temperatures is required. 
Available in two popular types—silicone rubber on Fiberglas... 
silicone varnish on Fiberglas—Varsil also offers improved moisture 
resistance, high dielectric strength, and low power factor. Both 
types of Varsil are available in full width, 36” rolls and in tapes 
slit to customer specifications. 


@ COMPLETE TEST DATA AVAILABLE ON REQUEST 
@ AGENTS IN ALL PRINCIPAL CITIES 


New Jersey Wood Finishing Company 


MANUFACTURERS Or FLEXIBLE ELECTRICAL INSULATION 
WOODBRIDGE, N. J. 


““VARSLOT" Combination Slot Insulation: 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 
Rag Paper and “Mylar’’* Polyester Film 
Asbestos Paper and “Mylar’’* Polyester Film 
Kraft Paper and ‘‘Mylar'’* Polyester Film 
Vortex Varnished “Fiberglas'’? and 
“Mylar'’* Polyester Film 
Special combinations available upon request 


Varnished Cambric Cloth and Tapes 

Varnished ‘‘Fiberglas"’* Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

“VARSIL" Silicone Varnished ‘“Fiberglas''t 
Cloth and Tapes 


* Mylar, Ou Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered trademark 
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IF IT'S 
COLOR 
YOU. WANT 


Luster-on’ 


Chromates 
on Zinc 


Now ... at a low, low cost... you can 
get brilliantly bright and sparkling colors 
from an improved Luster-On Chromate dip 
process for your zinc-plated small parts. 


And ... even more important. . . these 
are not just dull identification colors. They 
are glamorous and sales-building golds, 
yellows, blues, reds, greens, violets, brass 
and copper hues. 


Write today for the full story on revolu- 
tionary LUSTER-ON COLOR. Sample 
gladly processed free. 


use STRIPODE 


the proved addition agent 
@ to strip nickel plate faster. 
@ to protect the base metal 
from pitting, roughening 
and etching. 
to save on use of acid. 


to eliminate need of sand 
blasting or heavy buffing. 


Order a trial gallon 


Corporation 


63 Waltham Ave. « Springfield 9, Mass. 


West Coast: Crown Chem. & Engr., Los Angeles & San Francisco 
Canadian Licensee: Alloycraft Ltd., Montreal 
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Feb. 2-6 — ASTM Committee 
Week, Penn-Sheraton Hotel, Pitts- 
burgh. 


Feb. 3-5—J4th Annual Technical 
and Management Conference, spon 
sored by Reinforced Plastics Div., 
Society of the Plastics Industry, Inc., 
Edgewater Beach Hotel, Chicago, III. 


Feb. 12-13—1959 Solid State Cir- 
cults Conference, sponsored by IRE 
Professional Group on Circuit 
Theory, AIEE Committee on Elec- 
tronics, IRE and AIEE Philadel- 
phia Sections, and Univ. of Pa., 
Philadelphia, Pa. 


Mar. 3-5—W estern Joint Com 
puter Conference, sponsored by 
IRE, PGEC, ATEE, and ACM, Fair- 


mont Hotel, San Francisco, Calif. 


Mar. 16-20—Eleventh 
Metal Exposition and 
sponsored by the ASM and other 
technical groups, Pan-Pacific Audi- 
torium and Ambassador Hotel, Los 
Angeles, Calif. 


Western 


Congress, 


Mar. 23-26—IRE National Con 
Waldorf- 


vention, Coliseum and 


(storia Hotel, New York. 


Mar. 26—Fifteenth Annual Qual- 
ity Control Clinic, sponsored by 
Rochester Society for Quality Con- 
trol, Univ. of Rochester, Rochester, 


N. Y. 
Mar. 31, Apr. 1, 2—Ninth Inter 


national Symposium on Millimeter 
Waves of Polytechnic Institute of 
Brooklyn, Microwave Research In- 
stitute, co-sponsored by Air Force 
Office of Scientific Research, U. S. 
Army Signal Research and Devel. 
Office of Naval Re- 
search, and IRE., Engineering Soci- 
eties Auditorium, New York City. 


Laboratory, 


Apr. —28th Annual Meeting. 
Inter-Society Color ¢ ouncil, Statler 


Hilton Hotel, New York City. 


held in conjunction with the confer- 


. H. Chapman, Jr., of Owens-Corn- 
ing Fiberglas Corp.. New York, who 
was 1958 program chairman, has been 
selected as general chairman for 1959, 
to succeed J. R. Perkins. E. I. Du Pont 
de Nemours & Co., of Wilmington, Del. 
M. Nakonechny, Dow Corning Corp., 
New York, is program 
Arnold E. Bohn, 


Products Division, Sun Chemical Corp., 


chairman; 
Electro-Technical 


Apr. 5-10—5th Nuclear Congress, 
Cleveland, Ohio. Sponsored by EIC, 
PGNS of IRE. 


Apr. 16-18—S.W. IRE Regional 
Conference and Electrical Show, 
Dallas Memorial Auditorium and 
Baker Hotel, Dallas, Texas. 


Apr. 20-21—New Techniques in 
Electrical Industrial Instrumenta 
tion, Philadelphia, Pa. Sponsored 


by PGIE of IRE, AIEE. 
Apr. 20-22—15th Annual Meeting 


and Powder Metallurgy 
Metal Powder Industries Federation, 
Sheraton-Cadillac Hotel, Detroit 


Show, 


May 4-6—National Aeronautical 
Electronics Dayton 
Biltmore Hotel, Dayton, Ohio 


Conterence, 


May 5-7—URSI _ (International 
Radio Scientific Union) 
Meeting, Washington. D. C. 


Spring 


May 6-8—Electronics Components 
Franklin Hotel, 


Conference, Ben 


Philadelphia. 
May 11-13—AIEE. ASME, IRE 


Joint Conference on Automatic 
Techniques, Pick Congress Hotel, 
Chicago, Ill. 


May 18-20—tFifth Annual Sym 
posium on Instrumental Methods of 
Analysis Instrumentation 
Instrument Society of 
Shamrock-Hilton Hotel, 
Houston, Texas. 


Analysis, 
Division, 
America, 


May 25-27—National Telemete! 
ing Conference, “Investigation of 
Space,” sponsored by AIEE, Amer 
Rocket Soc., Inst. of Aero. Sciences 
and Instrument Soc. of Amer., 
Brown Palace and Cosmopolitan 
Hotels, Denver, Colo. 


May 25-28—tth Design Enginee: 
ing Conterence & Show, Convention 


Hall, Philadelphia, Pa. 


Nutley, N. J.. is exhibits chairman; 
ibe, T.. 'F. 


Union Carbide Corp... New 


Hart. Silicones Division, 
York, is 
publicity chairman. 

Monday, 
served for joint meetings by all indus- 
try marketing factors. On Tuesday, De- 
cember 8, it is planned to have promi- 


December 7. will be re- 


nent figures address the conference 
banquet. On Friday, December 11, 
there will be field trips and plant 
tours. 
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BROWN 
CONVERTERS 


put stable perform- 
ance in your measur- 


Tate Ms late MEEX:1 avZoMM (ole) of 


Thesesynchronously-driven chop- 
pers handle d-c signals as small as 
10 * volt. SPDT switching action. 
Sensitive, stable performance. 
Ideal for computers, servomech- 
anisms, balancing circuits. Avail- 
able with special features such as 
fungus proofing, grounded hous- 
ing, mica-filled base, various con- 
tact percentages. Weight: 10 
ounces. Prices from $36. 


Driving coils in 60-50, 40 and 25 
cycle converters are energized by 
6.3 volt a-c. 400-cycle converters 
use 18 volts. Other specifications 
on chart at right. 

MINNEAPOLIS- HONEYWELL, 


Wayne and Windrim Avenues 
Philadelphia 44, Pa. 





ee ELECTRICAL CHARACTERISTICS 
Part No __|_354210-2 | 354210-3 | 354210-1 
Modulation Frequency _| 20-3u cycles | 40-45 cycles | 50-65 cy les_| 


Switching Action (SPDT) | (Make-before-break) 
| contact closed 55% of each cycle make). Each 
} (+ 2%) Other actions, as specified | contact closed 
| 47% of each 











50 65 cycles 


(Break-before 





Each 


| ycie 


6.3 v, 60 ma at rated frequency 


Driving Coil Requirements | 


| 
—_—} 


Contact Rating 100 microwatts at 6 v max.; 1 0 ma max 


Electrostatic Stray Pickup} 


| 
— 7 
ree volts per ohm of input cir 


2x 10 


uit impedance 
Electromagneti Less than volts. constant to within 2 x 10 


Stray | 
Pickup | 


Phase Shift 


Symmetry 


Shielding 


Resistive or 


age varies less than 2 


Load Characteristics 
Vibration Resistance Jutpu t 
Weight 


special Feature B81 


A for 
tant wiring. hern 
able with side f 





Oe 
360-440 


355081 


ycles 
Each contact 
osed 57% of 
each cycle 
7%) 


18 v, 94 





Honeywell 
| Feat x Coutiol 
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In super-sensitive electronic equipment— 


{ 


UTILIZES 
PLASKON’ ALKYD 
and UREA 


PLASKON Alkyd 446 

After extensive experimentation, engineers of Interna- 
tional Business Machines Corp. found that PLASKON 
Alkyd 446 was just right for precision-molded brush 
blocks, circuit breakers—and other critical components 
in IBM’s famous electronic machines. 


Foremost among IBM’s requirements were: very low 
moisture absorption and dependable heat resistance to 
assure exact dimensional stability under all climatic con- 
ditions. But there were other important requirements 
too—including high impact strength, good abrasion re- 
sistance, excellent electrical properties, the ability to be 
molded around inserts without cracking. PLASKON 
Alkyd 446—a glass-filled alkyd—met all these require- 
ments fully. 

Not only do parts of PLASKON Alkyd perform better, 
they also offer important molding advantages which 
lower the cost of the finished parts. Alkyds mold clean 
and precise ... making them ideal for fast, cost-cutting 
automatic production. 

If your electrical or electronic products demand any or 
all of the above-mentioned properties . . . it will pay you 
to mold with PLASKON Alkyds. There is a wide variety 
of these versatile materials to meet scores of specialized 
needs. 


\Il| | i 


IAW 


PLASKON Urea—After many trials 
with all types of materials, IBM selected 
PLASKON Urea for molding the body of 
a relay armature that is used in quantity 
in IBM data-processing machines. The 
demands made upon these tiny parts are 
great. At times they must withstand tem- 
peratures up to 200°F....they must resist 
extreme surface abrasion as there is con- 
stant friction with steel brushes. IBM tests 
proved that PLASKON Urea could meet 
these stiff requirements. 


If you have similar problems—or if your product calls for a 
material with good electrical properties, great strength, easy 
moldability and wide color selection (over 12,000 colors)— 
very likely PLASKON Urea is what you’re looking for. 


alclaatiereh PLASTICS AND COAL 
CHEMICALS DIVISION 


40 Rector Street, New York 6, N. Y. 
in Canada: Allied Chemical Canada, Ltd., 1450 City Councillors Street, Montreal 
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PROBLEM: 
Miniature prec 
wirewound resistors — | 
with maximum stability p 
and minimum . 

erature coefficient 





cision 


temp 


ANSWER: NEW 


ULTRONIX 
Vitraminiatures o& 
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Ultronix Ultraminiatures have a temperature coefficient within 15 
parts per million per degree Centigrade. In actual tests conducted 
by Donner Scientific Company, a random selection of Ultronix 
miniature resistors averaged out at 9 ppm, the only resistors tested 
to fall within the often advertised 20 ppm. 


Ultronix resistors are encapsulated by compression molding in an 
alkyd resin whose coefficient of linear thermal expansion matches 
that of the resistance wire without sacrifice of other qualities. 
Strain coefficient is completely eliminated insuring maximum sta- 
bility. The TC of each Ultronix resistor is the same as that of the 
wire used. Ultronix resistors are available with solder lugs and 
axial, radial, printed circuit, or special leads. Ultronix resistors 
exceed the requirements of MIL-R-93B and MIL-R-9444. 
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Typical resistance vs. temperature curve of Ultronix miniature precision re- 
sistors. Tests conducted by Donner Scientific Company, Concord, California. 








OTHER FEATURES OF ULTRONIX ULTRAMINIATURES 


Close Tolerance and Wide Range: 1 ohm to 2 megohms within + .05% 


Wide Temperature Range: —65°C to +-125°C, derate 5% for each degree 
increase in ambient temperature above this 
point. 


Altitude: Unlimited 
Small Size: Ultronix type 102 measures only 1/4” x 1/4” x Ye” 


Frequency Characteristics: Standard time constant .2 psec 








Ultronix makes a complete line of precision wirewound resistors. 
For complete technical information including the new ultramin- 
atures and the name of your nearest Ultronix engineering repre- 
sentative, please address Dept. M-2 


ULTRONIX @ 


116 S. Bayshore Boulevard, San Mateo, California © Telephone Diamond 3-4700 
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Walter Bein, chief engineer for Bur- 
nell & Co., has been elected an officer 
of the company and to the post of 
director of engineering with broad re- 
search and development responsibili- 
ties. He will supervise the company’s 
design program at its main plant in 
Pelham. N. Y. Mr. Bein joined Burnell 
& Co. in 1949 after receiving his B.S. 
in Electrical Engineering from Colum- 
bia University. 


Leroy S$. Moody has been named 
polycarbonate engineering manager in 
the Chemical Materials Dept. of Gen- 
eral Electric Co. at Pittsfield, Mass., 
where GE is now in semi-works produc- 
tion of Lexan polycarbonate resin. Dr. 
Moody. with the company since 1945, 
has been manager of the new products 
development laboratory of that depart- 
ment for the last two years. 


Adolph Brenner has been named proj- 
ect engineer for the Narda Microwave 
Corp., Mineola, N. Y. His primary 
responsibility will be the design and 
development of microwave components, 
working directly under Leonard Kent, 
chief microwave engineer. His back- 
ground in the field of microwave com- 
ponents was obtained at the electronics 
and X-ray division of F and R Machine 
Works and with Polarad Electronics 
Corp. 


James B. Fisk, executive vice presi- 
dent of Bell Telephone Laboratories, 
has been elected president of the com- 
pany. He succeeds Mervin J. Kelly, who 
was elected chairman of the board of 
directors. Dr. Fisk, who has been asso- 
ciated with Bell Laboratories for nearly 
20 years. has combined a distinguished 
career in industrial research with out- 
standing service to the government in 
the field of science. 

Dr. Kelly, who had served as _ presi- 
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If you use or sell 
hydraulic 
equipment... 





























... Specify REULAND spline-coupled pump mount motors 


.» CUT SPACE NEEDS ALMOST 50%... AVAILABLE NOW IN 2 H.P. THROUGH 50 H.P! 


Pump and motor become one with the new 
Reuland spline-coupled hydraulic pump 
hook-up. The pump shaft is connected di- 
rectly to the motor’s shaft inside the motor. 
Flexible couplings are eliminated... pump 
mount platforms are eliminated . .. and the 
tank length can be reduced because almost 
50% less mounting area is required. Com- 
pact appearance is beautiful. 


SPEEDY INSTALLATION 


Pump-to-motor hook-up is merely a matter of 
seconds. All you do is slip the spline coupling 
onto the pump shaft...and attach the pump to 
the endbell. This spline coupling is supplied 
with the motor and is precision mated for each 
make of pump. There’s no time wasted tinker- 
ing around...takes only a fraction of the 
ordinary time. 


MODERN POWER FOR MODERN-DAY PRODUCTS 


REULAND MOTORS 
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PRECISION ALIGNMENT 


Alignment is perfect automatically whether 
the installation is made out in the field or 
on the production line. This permits even 
unskilled workmen to handle this simple 
task without error. Also, by hooking the 
pump up at the point of bearing support, 
within the motor, vibration is reduced to a 
new minimum. Operation is smooth, quiet 


Circle 148 on page 17 


COSTS LESS...SAVES 
INSTALLATION LABOR... 
FITS ALL PUMPS...FILLS 
ALL POWER NEEDS ~- 


VYq-80 H.-P. The Reuland spline-coupled 
unit is priced lower than a conventional set-up 
...Saves you extra money by reducing instal- 
lation costs. What's more, we can supply it to 
fit any make of pump you may be using...and 
to your exact power needs, from % h.p. 
through 50 h.p. So sure are we that it will be 
of help to you, we are offer- 

ing to engineer a demonstra- 

tion unit to your equipment, 

without the slightest obliga- 

tion. These units are our best 

salesmen. 


Our New General 
Catalog Will Come 
In Handy —Sent 

* Free on Request 


REULAND ELECTRIC COMPANY 


WESTERN DIVISION: Alhambra, California 
EASTERN DIVISION: Howell, Michigan 
DISTRIBUTORS IN ALL PRINCIPAL CITIES 


*Trademark Registered 








1951. 
began his Bell System career in 1918 


dent ol the Laboratories since 


as a research physicist with the re- 
search division of the Western Electric 
Companys engineering department 
which was later incorporated as Bell 
Telephone Laboratories. He has been 
named to receive the 1959 John Fritz 
Medal. 
Estill 1. 


charge of 


Green, vice president in 


systems engineering since 
June 1955. was named executive vice 
president, also effective 
With a long record of distinguished 


and achieve 


January 1. 
engineering experience 
ment, including more than seventy pat 
ents granted for his inventions, Mr. 
Green began his telephone career in 
1921 with the American Telephone and 
Telegraph Company's development and 


research department. 


Melvin L. Manning has left his staff 
McGraw-Edi- 


Transformer Divi- 


engineering position at 


son's Pennsylvania 
sion in Canonsburg, Pa. to become dean 
of engineering at South Dakota State 
College. Dean Manning is widely known 
for his work with insulating materials 
and particularly in the development of 
silicone-insulated transformers, the drvy- 
type units capable of operating at high 
temperatures. He returns to his alma 
mater after 20 years in industry. Be- 
tore joining Pennsylvania Transformer 


in Canonsburg nine years ago he was 
in charge of high voltage laboratories 
and insulation research for the West- 
inghouse Transformer Division and his 
academic experience includes associate 
professorships in electrical engineering 
at Cornell University and Illinois In- 
stitute of Technology. 


Ronald Bell has joined Greer Hydrau- 
lics, Inc., Jamaica, N. Y., in the capa 
city of senior research physicist and 
will be engaged in research and de- 
velopment involving 


programs servo 


systems, transistorized circuitry and 


other electromechanical devices. For- 
merly associated with the Bell System 


Westrex Division, Dr. Bell has also 


been employed by Universal Transistor 
Products as a senior research physicist ; 
Techni-Crystals, Ltd. as chief physicist; 
and by the deHavilland Propeller Co. 
infra-red 


in advanced research = on 


guided missiles. 


Albert Musschoot has been appointed 
director of research and development 
for Carrier Conveyor Corp., Louisville, 
Ky. Mr. Musschoot came to Carrier 
from the Link-Belt Co., where he was 
in charge of the development and pro 
motion of vibrating equipment for 12 
years. He was formerly employed on 
the engineering and development staff 
of Jeffrey Manufacturing Co., Colum- 
bus. Ohio. 


Victor Wouk has been named vice 
president and director of research and 
advanced development of Sorensen & 
Co.. manufacturer of power supplies. 
Norwalk, Conn. Dr. Wouk. who ob- 
tained his M.S. and Ph.D. in electrical 
engineering from California Institute of 
Technology. established Beta Electric 
Corp. in 1949 after working at West- 
inghouse Electric North 
America Phillips Co. in research on ig- 


Corp. and 


nitrons and projection television  sys- 
tems. The acquisition of Beta Electric 
by Sorensen paved the way for Dr. 


Wouk’s recent appointment. 


Automatic simultaneous winding 
of 2 or 3 group concentric coil with 


FORT WAYNE 
STATOR WINDER 


*LOWEST MACHINE INVESTMENT PER UNIT PRODUCED 
e@ Winding speed at 325 turns per minute. 


@ Preparation time 4 minute 


and remove. 


. only 4 forms to place 


@ One operator can readily tend 2 or more machines. 


e@ Completely automatic during winding cycle. 


e@ Winds greater range of stator lengths. 


*Production example—4-pole stator with 3-group concentric coil 
per pole at 125 turns per coil produces 88 stators per hour. 
WRITE FOR COMPLETE DATA OR ARRANGE 
TO VISIT OUR PLANT FOR DEMONSTRATION 


PATENTS 
PENDING 
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FORT WAYNE TOOL, DIE & ENGINEERING CO. 


1027 Goshen Road 


@ Fort Wayne @ Indiana, U.S.A. 
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FREE 
DATA FILES 


Allied Research 


LooK 
FOR THE 
DIAMONDS—SIGN 
OF FINISHING QUALITY 


METAL FINISHING ‘ | Giri 
nae ne 4 Chromate Conversion 


PROCESSES 


A complete line of quality products —- | | qanynw 
and processes developed primarily as “a Van Clear Protective Coatings 
a result of helping manufacturers like een Wy for All Metals. 
yourself solve their metal finishing et “1 {| 8 
problems. If one of our present prod- ex : | Chemically Different 
ucts does not meet your needs, we’ll x : a Plating Brighteners. 

& 


be glad to work with you to find an aD Vg 4 TARP) 
Process chemicals 


answer to your problem. 


Coatings for Non-Ferrous Metals. 


EQUIPMENT AND Ss QIN TTTD recririers 
COMPLETE SYSTEMS ps ae Silicon and Selenium, built to exacting 


specifications for long life, trouble-free 


for Metal Finishing cal ee \ service. 


Process Engineered—Single pieces ny Y " si T WAGNER | AUTO-LOADERS 


of equipment or all equipment neces- 
sary for a finishing operation—evalu- ? parts, conveyors to plating machines, 
ated, designed, fabricated, installed cd between conveyors. 

and tested to match exactly your AUTOMATIC AND SEMI-AUTOMATIC 
particular process. Ask about our ‘pid PLATING MACHINES 

Process Engineering Service. eA 


for fast, economical transfer of racks and 


BARRELS, TANKS and other equipment. 


GAYNERCID  anoves 


in copper and zinc. 


CHEMICALS AND SUPPLIES 


Prompt service on a wide variety of daily-use LECTROCOP e FLAT COPPER 
necessities for the plating room, delivered from ANODES 
warehouse stocks strategically located in cities 


in metalworking areas. 3 CADMIUM, WHITE BRASS AND TIN ANODES in 
most efficient shapes. Acid Replacements, Buffs, Chemi- 
cals, Cleaners, Maintenance Materials. 


Ask your Allied Field Engineer about our Subscription Plan 


NICKEL RECASTING SERVICE which combines your new nickel purchases with a service to 


recast your butts and spears, resulting in substantial savings 


Allied Research Products, Ine. WRITE TODAY FOR COPIES of 


these useful files describing tech- 

4004-06 EAST MONUMENT STREET nical details of our complete line, 
BALTIMORE 5, MARYLAND OR, phone your Allied Field Engi- 

Branch Office: 400 Midland Avenue, Detroit 3, Michigan neer. He's listed under "Plating 


Chemical and Electrochemical Processes, Anodes, Supplies" in your 'phone book. 
Rectifiers, Equipment and Supplies for Metal Finishing 
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economy...speed... 


in volume production 
of complex parts... 


The photograph shows a bearing support plate for a new line of power tools 
manufactured and marketed by a large and very capable organization. 


The complex nature of the part is apparent at a glance and the cost of 
machinimg such a part is evident to the eye of engineer and designer. 


It is on parts of this nature that powder metallurgy offers its greatest ad- 
vantages and its greatest opportunities for the future. 


Such parts require most careful designing of the tooling from which they 
are produced, plus painstaking and tedious effort until the part can finally 
be produced in volume. 


A manufacturer with such requirements naturally turns to Bunting where 
the necessary persistence until success is achieved is one of the Company’s 
recognized characteristics. 


For the unusual, as well as the usual, in bearings, bushings, bars and special 
parts of cast bronze or sintered metals, see Bunting first. 


BUNTING SALES ENGINEERS in the field and a fully staffed 
Product Engineering Department are at your command without 
cost or obligation for research or aiding in specification of bear- 
ings or parts made of cast bronze or sintered metals for special 
or unusual applications. 


tik 0% WU GOL YOUR COpy Of... 

Bunting’s “Engineering Handbook on Powder Metallurgy” ond 
Catalog No. 58 listing 2227 sizes of completely finished cast bronze 
and sintered oil-filled bronze bearings available from stock. 


The Bunting Brass and Bronze Company 
Toledo 1, Ohio EVergreen 2-345] 


Bunting =~/ 


Branches in Principal Cities 


J 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF 
CAST BRONZE OR SINTERED METALS. 
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Company Briefs 





\ realignment of twelve General Elec- 
tric departments includes the dissolu- 
tion of two existing product divisions 
and reassignments of their depart- 
ments to other segments of the 
company. The divisions are the Meas- 
urements and Industrial Products Divi- 
sion with headquarters in West Lynn, 
Mass.. and the Construction Materials 
Division in Bridgeport. Conn. 

Departments of the Construction Ma- 
terials Division reassigned are: Ac- 
cessory Equipment Dept., Bridgeport, 
assigned to Component Products Divi- 
sion. with headquarters in Fort Wayne, 
Ind.: Conduit Products Dept., Bridge- 
port, to the Chemical and Metallurgical 
Division, Pittsfield, Mass.; Wire and 
Cable Dept... Bridgeport, with plants 
at Lowell, Mass., and Oakland, Calif., 
to Chemical and Metallurgical Divi- 
sion; Wiring Device Dept.. Previdence, 
R. I., to Chemical and Metallurgical 
Division. This department also has 
facilities at Bridgeport and Norfolk, 
Conn., and Newport, R. I. 

Departments of the Measurements 
and Industrial Products Division to be 
reassigned are: Industrial Heating 
Dept., Shelbyville, Ind., assigned to 
Motor and Generator Division, Erie, 
Pa.; Meter Dept., Somersworth, N. H., 
to Transformer Division, Pittsfield; 
Instrument Dept., West Lynn, Mass., 
to Industrial Electronics Division, New 
York, except for instrument transform- 
ers, whose manufacture is assigned to 
the Meter Dept.; Outdoor Lighting 
Dept., Hendersonville, N. C., to Lamp 
Division, Cleveland. In addition, the 
Industry Control Dept., Roanoke, Va., 
will be reassigned from the Switchgear 
and Control Division, Philadelphia, to 
the Industrial Electronics Division. 


Carlisle Corp., Carlisle, Pa., has ac- 
quired the Tensolite Insulated Wire Co., 
Inc., of Tarrytown, N. Y. The wire 
company will function as a_ wholly- 
owned subsidiary of Carlisle and there 
will be no changes made in present 
officers or personnel. 


Incorporation of NMB Transistor Ap- 
plications Co. as NMB Glentronics, Inc. 
at Glendora, Calif., is announced with 
no changes in policy, ownership, or 
management. Glentronics, Inc. has ex- 
tended its production facilities for the 
manufacture of transistorized electronic 
equipment. 


Wahlgren Electrical Manufacturing Co. 
announces the establishinent of NMB 


ELECTRICAL MANUFACTURING 














recorders make YOUR work 
easier with up-front control of all operations 


Work-saving “recti/riter” recorders place all 
routine adjustments and controls at your fingertips 
for maximum operator convenience. 


With the greatest ease and speed, you can. . 
Raise the transparent, dust-proof door .. . 
Make notes on “writing desk” area... 
Remove, tear off, or change chart paper... 
Flip the power switch... 

Adjust zero position of writing pens .. . 
Make connections to front terminals . . . 
Select any of 10 chart speeds... 

Advance chart paper as desired manually .. . 
Check visible ink supply level or refill. 


CHIAA EW 


aa 


nd, of course, removal of the dust cover makes 


TEXAS INSTRUMENTS 


INCORPORATED 


INDUSTRIAL INSTRUMENTATION DIVISION 
3609 BUFFALO SPEEDWAY « HOUSTON 6, TEXAS « CABLE: HOULAB 


every working part completely accessible — and 
removable — without further disassembly. 

Add to these convenient features true rectilinear- 
ity, side-by-side time-correlated traces readable at a 
glance, fast rise time, galvanometer dependability 
and +1% full-scale accuracy. Yes, and remember 
—only “recti/riter” systems (recorders and match- 
ing accessories) provide these wide ranges for 
recording electrical parameters: 


10 millivolts to 1000 volts 
500 microamperes to 1000 amperes 
Monitor standard frequencies — 40, 60, 400 cps 


Just a word from you will bring complete 
information on the “recti/riter” line. Inquire today! 


OTHER TI/IID PRODUCTS 
* Complete Geophysical Instrumentation 


* DATA-GAGE Measurement and 
Control Systems 


* Automatic Test Equipment 
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Wahlgren Magnetics, 1060 N. Allen. 
Pasadena, Calif. The new division. 
which designs and manufactures cus- 
tom-built wave filters. toroidal and mag- 
netic components, lumped-constant de 
lay lines. and specializes in subminia- 
turization, is under the management of 
Wayne Brown. who was formerly pres- 
ident of the Pacific Division of Burnell 
and Co., Inc. 


Space Technology Laboratories, Inc., 
Los Angeles 45, Calif... previously a 
division of The Ramo-Wooldridge Corp., 
is now a separate company directed by) 
Lieut. Gen. James H. Doolittle. chair- 
man of the board: Dr. Louis G. Dunn, 
president: and Dr. Ruben F. Mettler. 
executive vice president. The company 
is responsible for the systems engineer- 
ing and technical direction of the Air 
Force Thor, Atlas. Titan, and Minute 


man ballistic missile programs. 


Wooldridge inc., 
Cleveland and Los Angeles, formed by 


Thompson Ramo 
the merger of Thompson Products, Inc., 
and The Ramo-Wooldridge Corp., is 
directed by J. D. Wright. chairman ot 
the board; Dean E. Wooldridge, pres- 
Ramo, executive vice 


ident: Simon 


president; and F. C. Crawford. chair- 
man of the executive committee. In 
addition to the work performed by 


Space Technology Laboratories, Inc.. 


Here’s the Answer to Accurate Timing 
of Electrically Operated Equipment 





Ramo-Wooldridge has been engaged 
in major systems work in such areas as 
digital computers and control systems, 
communications and navigation sys- 
tems, infrared systems, and electronic 


countermeasures. 


Union Carbide Corp. has announced 
a new name for its metals division. 
Electro Metallurgical Company becomes 
Union Carbide Metals Co., which will 
continue to produce and sell a_ full 
line of ferroalloys and special metals 
such as chromium, cotumbium, silicon. 
tantalum, vanadium and ‘Electromet’ 
trade-mark and other brand names. 


Acromag, Inc., is currently complet- 
ing the moving of its manufacturing 
facility to 22508 Telegraph Road. but 
will continue to maintain its general 
offices and engineering department at 
22519 Road. Detroit 41. 
Mich.. where expanded manufacturing 


Telegraph 


capacity for the production of several 
precision magnetic amplifiers is now 


available. 


Kennecott Wire and Cable Co. has 
become an operating division of The 
Okonite Co., subsidiary of Kennecott 
Copper Corp., Passaic, N.J. The opera 
tions at the Phillipsdale, R. L. plant will 
continue to be handled by the present 


staff. 


International Business Machines Cor- 
poration’s domestic IBM Time Equip- 
ment Division has been acquired by 
Simplex Time Recorder Company, (arid- 
ner, Mass. Products of the former IBM 
division being transferred to Simplex 
include time clocks, job recorders, mas- 
ter clock systems, central control sys 
tems. fire alarm equipment. and_ re- 
corder door locks. 


Olin Mathieson Chemical Corp. and 
Textron, Inc., have formed a_ jointly 
owned company, Almetco, Inc., to pro- 
duce aluminum extrusions for the two 
firms. The new company will operate 
aluminum extrusion plants at Girard, 
Ohio and 


Mathieson will not be associated with 


Nesquehoning. Pa. Olin 


the products manufactured and sold by 
Textron Metals Co. 

Fairchild Camera and_ Instrument 
Corp., Syosset. N. Y.. has purchased all 
rights to the digital magnetic tape han- 
dling devices manufactured by Digi- 
tronics Corp., Albertson. N. Y. Earlier 
added 
tape automation equipment to its line 
with the purchase of the assets of Tele- 
typesetter Corp. from a Western Elec- 
tric subsidiary. and in addition ae- 
quired the assets of Acme Telectronix 
Division of NEA. 


the company punched paper 
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* & 
Especially recommended for . f 
operation of blowers, pumps, 4 & 
agitators, mixers, conveyors es 
and other machinery... a 5 
widely used for plastic moulding, rubber curing, ae, 
heat treating, enamel baking, light exposure and | 
similar operations. 
Fully enclosed. Double-throw, single-pole switch. .& 


Self-starting slow speed industrial 
type synchronous motor. Time range: 


60 seconds to 72 hours. 


Send for full information, including 
bulletin on Zenith’s complete line 
of automatic control equipment. 


ZENITH ELECTRIC CoO. 


lol Dien \clome iow reas, ele 
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TRACING CLOTH 
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the most flexible Silicone Rubber Insulating 
Tubing ever developed... and the toughest 


Never before has there been an insulating tubing with the remark- 
able flexibility of Ben-Har ‘1258’ Extruded Silicone Rubber Tubing 

. and it’s actually less expensive than conventional Class H 
tubings and sleevings, with higher rated temperature performance. 


300% more flexible than silicone varnished glass. 
700% more flexible than Teflon. 


Ben-Har ‘1258’ retains its flexibility after continuous service at 
250°C. Equally serviceable at —85°C temperatures encountered 
in high altitude operation. 


Ben-Har ‘'1258” uses a new silicone rubber formula. It is highly 
resistant to abrasion and cut-through. It is especially designed for 
resistance to corona attack and harmful radiation effects. 


Ben-Har ‘'1258” conforms to wires and connections being covered. 
Its expandability assures snug fit and minimizes vibration. 


Ben-Har "1258" is made by a new (patent pending) extrusion proc- 


ess which permits substantially more accurate dimensional control 
than required by ASTM D — 922. 


Available in standard wall thicknesses of .015” and .035” and in a 
complete range of colors. Special dimensions can be custom- 
engineered. Write for samples and data or ask to see a Bentley, 
Harris representative. 








200 BARCLAY STREET 
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BENTLEY, HARRIS MANUFACTURING CO. 


CONSHOHOCKEN 2, PA. + Telephone, Norristown, Pa.: TAylor 8-7600 
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ACCURATELY 
REPEATABLE 
TIMING 





WITH 
INSTANTANEOUS 
RESET 





HEINEMANN’S 

NEW 
TRANSISTORIZED 
TIME-DELAY RELAY 








If your products call for reliable, accurately repeatable timing or 
sequencing . . . and if cost is a consideration (when isn’t it?), then have 
a look at the new Heinemann Trans-O-Netic* Time-Delay Relay. 

Built around a transistorized control circuit, this new type of relay 
offers exceptional performance capabilities at a surprisingly low cost. 
Time delay is adjustable from 0.5 to 30 seconds, with repeatability at 
any set delay better than +5%. Reset is instantaneous. These three 
features, alone, place the Trans-O-Netic way out in front of the field. 

But there’s more. The relay is inherently stable, so that there is only 
a negligible temperature effect on time delay over a tested operating 
range of 32° to 130°F. Single-pole, double-throw switching is fast and 
clean; wiping action assures long contact life. The entire unit is 
enclosed in a phenolic case to protect it from dust and dirt. 

More information? Certainly. Send for Bulletin 5300; it gives per- 
tinent details and specifications. 


HEINEMANN ELECTRIC COMPANY < 99 Plum Street, Trenton 2, N. J. 


*Trans-O-Netic is a trade name of the Heinemann Electric Company S.A. 1€ 
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Book Reviews 


Mechanical Impedance Methods 
for Vibration Problems. The 
American Society of Mechanical En- 
gineers, 29 West 39 St.. New York 
18, N. Y., $5.00. 


Over the past few years there has been 
a growing interest in approaching me- 
chanical vibration analysis from the 
mechanical impedance concept, particu- 
larly applicable to linear dynamic 
systems of rather high complexity 
when only limited information is de- 
sired. Feeling that the time was ripe 
to review and discuss the state of the 
art in this area, the Shock and Vibra- 
tion Committee of the ASME Applied 
Mechanics Division sponsored a Collo- 
quium which was held during the 
ASME 1958 Annual Meeting. 

The Proceedings of the meeting pub- 
lished under the above title give precise 
definitions and show how impedance 
methods apply to lumped and conti- 
nuous systems of simple and moderate 
complexity; review measurement techi- 
niques: demonstrate the power of 
digital computers by comparing the 
calculated and measured character- 
istics of a highly symmetrical system 
of moderate complexity; give measured 
values of typical structures of large 
size and high complexity; discuss the 
importance of the impedance in in- 
fluencing shock and vibration spectra 
measured in field service; show how 
to apply impedance methods to the 
calculation of vibration insulator effec- 
tiveness: treat impedance of some dis- 
ordered systems and illustrate how 
impedance methods may be used to 
find the response to random excitation. 


Reliable Electrical Connections, 
1958. Published by Engineering 
Publishers, GPO Box 1151, New 
York 1. N. Y. 286 pages. 6 by 9 in. 
$7.75. 

All of the 32 technical papers pre- 
pared for discussion at the Third 
Electronic Industries Association Con- 
ference on Reliable Electrical Connec- 
tions held in Dallas, Texas in Decembe: 
1958 are contained in this book. Every 
engineer concerned with the design. 
manufacture, or application of elec- 
tronic or electrical equipment will find 
it a source of valuable information on 
electrical connections. 

Subject matter ranges from very 
practical application factors on the one 
hand to basic research in contact mate- 
rials on the other. Jack Spergel of 
U. S. Army Signal Research and De- 
velopment Laboratory offers some con- 
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C TYPE MAGNETS FOR 
MICROWAVE APPLICATIONS 


C TYPE MAGNETS in a wide range of sizes to meet your design needs in 
A> TRANSVERSE FIELD ISOLATORS %& DIFFERENTIAL PHASE SHIFTERS % DUPLEXERS 


Arnold C-type Alnico Magnets are available in a wide 


selection of gap densities ranging from 1,000 to over 7,500 
gausses. There are six different basic configurations with a 
wide range of stock sizes in each group. 

The over-all size and gap density requirements of many 
prototype designs can be met with stock sizes of Arnold C 
Magnets, or readily supplied in production quantities. 

When used in transverse field isolators, Arnold C Mag- 
nets supply the magnetizing field to bias the ferrite into the 
region of resonance, thus preventing interaction between 
microwave networks and isolating the receiver from the 
transmitter. These magnets are also used in differential 
phase shifters and duplexers, and Arnold is prepared to 
design and supply tubular magnets to provide axial fields 
in circular wave guides. 
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A feature of all Arnold C Magnets is the excellent field 
uniformity along the length of the magnet. Versatility in 
design may be realized by using multiple lengths of the 
same size magnet stacked to accomplish the needs of your 
magnetic structure 

Let us work with you on any requirement for permanent 
magnets, tape cores or powder cores. @ For information on 
Arnold C Magnets, write for Bulletin PM-115. Address 
The Arnold Engineering Company, Main Offices and 
Plant, Marengo, Illinois. wew 7426 


# ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 





BRANCH OFFICES and DISTRIBUTORS in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 
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With the ZX Termination Technique 





EXPERIENCE 


is the best feature 


All the unusual features of the A-MP tool- 
and-terminal method which have created 
AMP’s outstanding reputation are a result 
of one major feature: experience or “know 
how”’. 


This experience is unmatched by any other 
organization in the world. The proof of it is 
in AMP’s electrical circuit terminations, 
that is, a fine A-MP terminal crimped 
precisely and uniformly to your circuitry 
leads. A-MP “know-how” also means the 
lowest total installed cost—no extra parts, 
no multi-step assembly operations... just 
an A-MP tool and a supply of A-MP 
terminals. 


Highest reliability without fuss or muss at 
the lowest total installed cost anywhere 

.. experience says you can’t beat such 
a combination. 


Why not write for more information today on 
your particular circuitry termination re- 
quirements. 


AMP INCORPORATED 


General Offices: Harrisburg, Pennsylvania 
A-MP products and engineering assistance are available through subsidiary 
companies in: Canada « England « France « Holland « Japan 
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structive criticism on misleading re- 
quirements in specifications for sliding 
contact forces. G. L. Branch and R. Y. 
Scapple of Hughes Aircraft Co. de- 
scribe soldered connections for elevated 
temperature operation. M. S. Frant of 
AMP, Incorporated, tells of his re- 
search into galvanic corrosion. D. G. 
Blattner and R. H. Ricker of Bell Tele 
phone Laboratories describe a new 
multicontact connector for low inser- 
tion and separation forces. 

Connections for printed circuits are 
discussed by several of the contributors. 
E. D. Knab of Bell Laboratories tells 
of his work in making connections to 
printed circuit boards by the resistance- 
fusing process. W. G. Jezowski of Gen- 
eral Electric Co. reviews a method of 
improving reliability of through con- 
nections. E. W. Broache and A. T. 
Hamill of Westinghouse Air Arm Divi- 
sion describe their work on the be- 
havior of soldered joints in printed 
circuits during vibration, and E. B. 
Burstein and W. W. Staley, also of 
Westinghouse Air Arm Division, report 
on the effects of temperature and 
humidity on the electrical character- 
istics of printed circuit laminates. C. A. 
Dodge of Stanford Research Institute 
tells of his work on printed circuit 
connector reliability. 

O. B. Shafer of IBM tells how he 
determined the optimum size ratio for 
wires of welded connections. L. Dlu- 
gatch of Hoffman Laboratories poses 
the question, “Are coaxial cable con- 
nections reliable?” H. F. Wilson of 
Gardner-Denver discusses __ practical 
quality control measures for insuring 
wire-wrap connection reliability. 


Control Engineers’ Handbook. 


Edited by John G. Truxal. McGraw- 
Hill Book Co., Inc., 330 W. 42 St., 
New York 36. N. Y. 1100 pages, 
price $18.50. 
Thirty-six authors and editors have 
contributed to this comprehensive 
source of basic information for the 
control design engineer. Section topics 
include basic control system theory, 
computers in control, electronic con- 
trol elements, magnetic amplifiers. 
transistors and miniaturization, thyra- 
trons, contactors and_ relays, powel 
supplies. mechanical components, signal 
transducers, regulators, hydraulic and 
pneumatic controls, and process control. 
Emphasis is on components of con- 
trol systems rather than on = system 
theory. For each type of component 
there is given: a basic description and 
explanation of operation; typical per- 
formance characteristics; fundamental 
limitations on performance, accuracy, 
or environmental conditions; appro- 
priate measurement and experimental 
techniques; and indications of appli- 
cations and utilization. 
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THE NEW MAS PRINTED CIRCUIT EDGE CONNECTOR 


This A-MP unit is more than new—it is the only solderless, direct-contact connector on 
the market. Designed for both commercial and military requirements, it means faster 
assembly, greater reliability and versatility to you—at lower cost! 


You get construction of unmatched close tolerances in both the contact and the one-piece 
molded housing. And—because each contact is wholly enclosed within its own housing 
barriers, there’s no need for post insulation. Contacts feature spring-lock design which 
assures positive contact with board—yet will not cause damage to board paths, even 
after repeated insertions. 


Assembly is easy: An A-MP high speed machine crimps contacts to circuit wires. 
Contacts are quickly and completely snapped into housing, locked in place with a lance 
to eliminate damage from shorts, bending or strain. The printed circuit board is then 
inserted for unlimited circuit combinations. 


: Snap in .. . clip in—it’s that simple to save time, money and increase quality. 


Send for full product information today. 





; Ni C ir {) rmAi CL 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Canada « England « France « Holland « Japan 
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~ADVAC 

















@ For ruggedness 


@ Greater thermal shock 
resistance 


@ Complete reliability 


Advac stem-cup and coaxial 
assemblies with ceramic beads 
provide International Telephone 
and Telegraph Corporation 
with increased electron tube 
reliability. At the same time, 
production costs have been 
substantially reduced. In both 
design and production stages, 
Advac seals offer the important 
advantages listed below. 












BAKEOUT 


Only ceramics withstand repeated 
cycling at temperatures to 700°C 
Result — greater tube cleanliness, 
higher thermal! shock resistance 
longer life 


RELIABILITY 


“In line” production failure reduced 
to a minimum due to ceramics 
exclusive firing characteristics 


FLEXIBILITY 


Outstanding performance in metal or 
ceramic envelopes means greater 
design latitudes. Can be used with 
magnetic or non-magnetic materials 
afford improved performance in 
a wide range of metals including 
Grade A Nickel, Monel Nickel Iron 
and Kovar’. 


WRITE FOR 
CATALOG AND 
QUOTATIONS ON 
YOUR CERAMIC 
ASSEMBLIES — 
PLEASE ADDRESS 
INQUIRIES TO 
DEPARTMENT MF 


BRAZING 


Advanced techniques include a prime 
coat of moly-manganese for reliable 
bonding. Ceramic bead construction 
permits high temperature brazing, 
resulting in a stronger assembly with 
superior shock characteristics 


*Westinghouse 
Tradename 


Advac Seals are manufactured only by — 


ADVANCED VACUUM 
PRODUCTS - INC 


430 Fairfield Avenue, Stamford, Connecticut 
Telephone: DAvis 4-2148 


GENERAL CERAMICS 


Industrial Ceramics for industrial Progress Since 1906 


A Division of 


160 Circle 160 on page 17 





Applique Wiring 


(Continued from page 75) 





bond was: (1) an abraided surface in the case of the 
G-10 laminate. (2) no treatment in the case of the cold 
punch XXXP, and (3) no treatment in the case of the 
hot punch X\XXP_ provided that no mold release was 
present on the surface. 

The peel strength values were obtained using the test 
pattern shown in Fig 5. The load required, normal to the 
surface. to separate the 14-in. wide foil from the base 
is measured using an automatic. recording, universal 
testing machine. (4) Some typical values obtained using 
a vinyl-phenolic adhesive. and the surface treatments just 
described, are shown in Table I]. The values are based 
on 32 readings in each case. It can be seen that these 
values compare favorably to those encountered with con- 
ventional copper-clad laminates. It must be emphasized, 
however, that the surface preparation of the base laminate 
and the cure cycle for the adhesive employed have to be 
carefully evaluated and closely controlled to obtain 
satisfactory results. 

In this regard, the thermal aging test is desirable since 
bonds which appear satisfactory under normal laboratory 
conditions may fail after this test due to inadequate _pre- 
bond treatment or poor heat-aging characteristics of the 
adhesive. If desired. an even more severe test can be per- 
formed by aging at elevated temperature combined with 
high humidity. 

The last test employed in evaluating boards produced 
by this process was the solder-dip resistance test. Cleaned 
and fluxed l-in. squares were dip-soldered at 232 C 
(450 F) for 10 see, removed. and then observed for 
signs of blistering between the foil and the base. No 
solder-dip failures were observed using the vinyl-phenolic 
adhesive in combination with the base materials de- 
scribed earlier. 


Summary 

From a manufacturing aspect, the salient character- 
istics of the applique wiring process may be summarized 
as follows: 

1. Low initial tool cost and machine set-up time. 
No requirement for highly trained personnel. 


w bh 


Low capital investment in specialized equipment 
for job-lot production. 

1. Economical recovery of scrap metal foil. 

Further, from an examination of Figs. 2 and 3, it is 
apparent that there are very few circuit layout restric- 
tions in terms of conductor spacing, shape or length. 

In addition to the ease of manufacture. one has a 
rather wide selection of adhesive and base laminate for a 
siven application. Several satisfactory adhesives are 
commercially available in the form of adhesive-coated 
copper foil, and others are available in bulk for foil 
coating where this may be desirable. The choice of ad- 
hesive will be determined by the base material and the 
environmental requirements which must be met. In any 
case, as noted earlier, proper care must be taken with 
the pre-bond treatment and cure cycle to assure satis- 
factory results. 

\ssuming a satisfactory bond, the electrical and me- 
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PROPERTIES OF “MYLAR” 


“Mylar’’ offers a unique combi- 
nation of properties that may help 
you improve performance and 
lower costs of your product. Here 





are two of the many important 
properties for evaluation. 





HIGH DIELECTRIC STRENGTH: Aver 
age of 4,000 volts per mil... average 
power factor of 0.003 at 60 cycles. 





SUPERIOR CHEMICAL RESISTANCE: 
Unaffected by oils, grease, most acids 
and alkalis, moisture and solvents 





Western Electric reports... 


Du Pont MYLAR’ cuts capacitor costs 


PROBLEM: Western Electric was search- 
ing for a dielectric material which, when 
used in film-foil construction, would 
lower manufacturing costs. 


SOLUTION: Du Pont “Mylar” 
film. According to Western Electric, the 


polyester 


moisture resistance of ‘*Mylar’’ mini- 
mized the need for costly encapsulation; 
high dielectric and physical strength in 


thin gauges helped reduce over-all size 


capacitance stability under normal volt- 


age stress maintains long life. 


RESULTS: Capacitors insulated with 
““Mylar’’ provide excellent performance 
for selected types of equipment pro 
duced by Western Electric. These new 
capacitors achieve high reliability and 
long life. Materials savings have been 
realized through reductions in size and 


use of less costly encapsulation 


HOW CAN “MYLAR” HELP YOU? Whether 
your product uses miniaturized capaci 
tors or heavy-duty cables, it will pay 
you to investigate the performance bene 
fits of ““Mylar’’. 
with ‘““Mylar’’. Component makers find 


. and products made 


this tough, thin polyester film will often 
cost less on an area basis than present 
insulating materials. For more detailed 


information, send in the coupon, 


KE. I. du Pont de Nemours & Co. (Ine.) 
Film Dept., Room EM-2, Nemours Bldg., Wilmington 98, De 
Please send booklet. listir propertic ipp! 
Mioylar polvester film tilable 


I 


ind types of 


DU PONT 


MYLAR 


POLYESTER FILM 


Name Title - — 
Company 


i 

| 

| 

| 

| 

| Application 
| 

| 

| 

| Address — — 
| 





FEBRUARY 1959 Circle 161 on page 17 161 





© low-cost" 
snap-acting 


SWITCHES 


~ DEVICES 


E give all these advantages 


® More actuator types 

than before available, including hinged-lever. 
® New step-design 

for better resistance to moisture and dust. 
® Sealing for splash-proof operation, when requested. 
®@ interchangeability with popular types 

of snap-acting appliance switches. 
® Quick-connect terminals 

for fast, secure electrical connections. 
® Two Unimax switch types, 

Aand WL, supply any demand 

for new, modern automatic- 

equipment switches. 
® High rating 


15 amp. 125, ee 
e basic switch, SF 
250 v. a-c. button actuator. fe Y 
>| — AL 
AL 


Type AL — 
with integral leaf-actuator. 


Type AQ — with threaded sieeve 
for panel mounting. 

Type AJ — for panel mounting, with 
overtravel plunger 


Type AT — 
hinged-lever actuator 
for light operate force, 
long overtravel. 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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chanical properties of the printed wiring board will be 
determined by the base material. In this regard, any 
of the commercially available thermosetting laminates 
may be selected. including those studied here. The meth- 
od would also be suitable for use with molded materials, 
films such as Teflon. and glass or ceramics. 

Almost all of the boards made by the applique wiring 
process utilize l-oz electrolytic copper foil; however. 
some have been made using the 2-o0z foil. Either rolled 
or electrolytic copper foil can be employed, but it is 
essential that the temper of the copper be relatively 
hard so that it will cut and not emboss during the dink- 
ing operation. The temper of commercially available 
electrolytic copper foil is satisfactory. 

With respect to board characteristics, it was shown 
that the applique wiring process is capable of producing 
printed wiring boards which are equal or superior to 
etched boards in terms of insulation resistance. peel 
strength, and solder dip resistance. 

The combination then of ease of manufacture. rela- 
tively low cost. and satisfactory board characteristics 
make the applique wiring process an attractive method 
for producing printed wiring boards. ( 
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New Developments in 
Magnetic Materials and Applications 


(Continued from page 67) 





where B is the magnetic flux density, H the applied field. 
P the applied stress and S the strain. Subscripts indicate 
parameters held constant. 

Maximum values of k shown in Table IX were obtained at 
applied fields of 8 oersteds for alloys and 16 oersteds for 
ferrites. Highest values of Aw, were exhibited by 2V-Per- 
mendur, 42.5 per cent nickel-iron and 11.7 per cent ordered 
Alfenol. Variations in heat treatment of nickel-iron alloys 
changed Ap,, but quenching of Alfenol and_nickel-cobalt 
ferrite reduced strain sensibility as much as 85 and 40 per 
cent, respectively. Variations of A, uw, and Ay, with flux 
density for nickel are shown in Fig. 22. C ( 


Fig. 22—Variation of magnetostrictive properties of nickel with 
flux density. (Source: U.S. Naval Ordnance Laboratory.) 
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MAXIMUM OPERATING 
TEMPERATURE 


( )1300°F 
( ) 00°F 
( ) 1000°F 
( ) 650°F 
( ) 400°F 
( ) 400°F 


SYLVANIA WIRE 


1. Silver Plated Copperweld 
9. Kulgrid” 28 

3 Nickel Plated Copper 

4. Silver Plated Copper 

5. Oxalloy” 28 

6. Inconel Clad Copper 


*Trade-mark 


Can you match these Sylvania 


High Temperature Wires 


with their applications ? 


Ger THEM ALL RIGHT? Then you’re 
right up to date on Sylvania composite 
wires for high-temperature applications 
in corrosive and oxidizing atmospheres 
where good conductivity is required. 
(You can check your answers with the 
chart below.) 

You may be interested in knowing, 
too, that new wires are under develop- 
ment, improving the conductivity and 
corrosion-resistance of plated and clad 
wires to operate in various ranges from 
500° F to 2000° F. 

A new “‘barrier’”’ layer concept, im- 
proved coatings, and new composites 
such as aluminum-clad copper indicate 
the amount of effort and importance 
Sylvania places on its high-temperature 
wire development program. 

If you’re not yet completely familiar 
with Sylvania High Temperature Wires, 


write for your ‘‘Product Bulletin.’ As 
a major supplier of both clad and plated 
wires, Sylvania is in a unique position 
to offer objective recommendations on 
the best wire for your application. Ad- 
dress your inquiry to 
SyLvaniA ELEcTRIC Propucts INc., 
Parts Division, Warren, Penna. 





Nickel Plated 


Oxalloy* 28 
Inconel Clad 
Copper 28 
Kulgrid® 28 





SAFE OPERATING TEMPERATURE 


Silver Plated 
Copperweld 


Silver Plated 





¥ SYLVANIA 


LIGHTING + TELEVISION 


RADIO 


ELECTRONICS 


PHOTOGRAPHY: ATOMIC ENERGY + CHEMISTRY-METALLURGY 
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Custom Molded Fiastics 
Custom Metal Stampings 
Custom Welded Parts 
Alloy, Clad, Plated Wire 
Plated Metal Strip 
Electronic Components 
Fluorescent Components 











Editorial Reprints Available 





As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 
Inquiry Service Cards beginning on 


page 17. Readers should circle those 

numbers indicating the reprints desired. 

If multiple quantities of these re- 

prints are desired, the rates to govern 

are indicated below. Remittances must 

accompany all orders. Larger quanti- 
ties, special quotation. 
Cost of 

Single Subject Reprints 

Vo. of Number of pages 

Reprints 4-12 16-32 

l Gratis Gratis 

> $2.00 $3.75 

10 3.50 6.00 

ae 


) i.00 2.50 





New Developments in Magnetic Ma- 
terials and Applications, February 
1959, 13 pages. Design significance 
of research progress reported at the 
1958 AIEE Conference on Magnet- 
ism and Magnetic Materials for: 
computer elements, microwave 
components, permanent magnets, 
soft magnetic alloys and new mag- 
netic devices. (702) 


Graphical Analog Computer, Feb- 
ruary 1959, 4 pages. A_ descrip- 
tion, with illustrations, of the de- 
sign and use of a graphical analog 
computer, a nomographic tool in 
the form of a universal blank which 
can be applied to a variety of prob- 
lems. It is particularly advantage- 
ous when used to supply data for 
electrical analog computers. (704) 


Flexible Programming with Optical 
“Punched” Cards, January 1959, 6 
pages. An outline of the particular 
contro] problems in stage and 
studio lighting, with a description 
of the advantages of new magnetic 
amplifier systems for these appli- 
cations. Details are also presented 
of a versatile control programming 
system using cards but still per 
mitting flexible supervision by an 
operator. (733) 


Research Progress in  Dielectrics— 
1958, January 1959, 10 pages. Re- 
view and_ interpretation of the 
papers and round-table discussions 
at the 1958 Conference on Elec- 
trical Insulation (National Academy 
of Sciences - National Research 
Council). The review emphasizes 
research in corona effects on insula- 
tion, high-temperature insulation 
systems, radiation effects, and re- 
lation of molecular structure to 
properties. (729) 


164 


Designing Optimum Inductors with 
Ferrite-Biased Gaps, January 1959, 
14 pages. Barium ferrite permanent- 
magnet slabs in place of air gaps 
permit up to 78 per cent volume 
reduction of iron-cored inductors 
carrying asymmetrical currents. An- 
alysis and synthesis procedures for 
iron (Audio A) or ceramic (Fer- 
ramic H) cores with ferrite gaps, air 
gaps or no gaps—depending on 
which is optimum for the specific 


case. (701) 


Techniques of Cooling Electronic 
Equipment—Parts I and II, No- 
vember and December 1958, 18 
pages. This two-part article covers 
both theoretical and practical sides 
of heat removal in electronic equip- 
ment, Part I covers cooling theory 
and methods and techniques of 
temperature measurements. Types 
of cooling are discussed. Part II] 
relates theory to heat removal in 
specific electronic parts and equip- 
ments, also analyzes the practical 
application of various methods of 
cooling, such as forced convection. 
direct liquid coolants, liquid and 
vapor cooling, direct vaporization 
coolants. Tabular data and graphs 
are included. 712) 


Designing with Stainless Steel, De- 
cember 1958, 8 pages. Presented 
are the properties of stainless steel 
important in equipment design. Ap- 
plications of stainless steel, with 
case histories, are illustrated. Ex- 
amples include appliances, instru- 
ments, computers and other elec- 
tronic products. A stainless steel 
selector chart is included. (709) 


Perforated Storage Media, December 
1958, 9 pages. Survey of primary 


punched tape and card systems: 
early development, current media 
formats and dimensions, compati- 
bility problems, standardization 
progress, sources of perforated 
record equipment. A basic refer- 
ence for engineers designing or in- 
tegrating machine systems utilizing 
punched cards or tape for pro- 
gramming or data storage. (705) 


Volt-Ampere Graphical Analysis, De- 


cember 1958, 5 pages. A descrip- 
tion of the use of the volt-ampere 
characteristic of a device combined 
with an electrical interrogation of 
the device and its load to obtain 
graphical information about the 
operating conditions. Particularly 
valuable when applied to non-linear 
elements, this is an important tool 
for every design engineer. (740) 


Electronic Materials and Componerits 


for Extreme Environmental P~:.':- 
lems, November 1958, 24 pages. A 
detailed critical review of the prob- 
lem areas and the state of the art 
of materials and components re- 
quired in the operation of electronic 
systems in supersonic aircraft and 
missiles, nuclear submarines, and 
other military equipment exposed 
to extreme environmental condi- 
tions. Ultrahigh temperatures (500 
C and higher) and nuclear radia- 
tion are the most important environ- 
ments discussed. Commercial com- 
ponents are evaluated, research and 
development contracts are sum- 
marized. (719) 


Effects of Temperature on Magnetic 


Properties of Nickel-Iron Alloys, 
November 1958, 5 pages. Normal 
magnetization curves, saturation in- 
duction, remanence and coercivity 
measurements at both increasing 
and decreasing temperatures in the 

60 to +250 C range for: Hiper- 
nik V, Hipernik, Deltamax, Mo- 
Permalloy and Hymu 80. (721) 


Special Purpose Flexible Cord, No- 


vember 1958, 4 pages. Properties 
of flexible wire and cable materials 
are tabulated. Special cord designs 
for use in equipment required to op- 
perate in severe environments are 
described and _ illustrated. (735) 


Treating Transfer Functions on Ana- 


log Computers, October 1958, 8 
pages. A description with examples 
of a method of applying the trans- 
fer function of a system to an ana- 
log computer to determine the sys- 
tem output. Applicable to systems 
initially at rest or those with input 
conditions, the method takes advan- 
tage of the symmetry of a transfer 
function expressed in terms of the 
Laplace operator in converting it 
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NED IN 
eERCULENE 


BOTH 
K&f 


FOR PENCIL 


Excellent ‘take’... 
complete erasability 
for all three 


balance * re. 
are bot) 
K&E He 
Film 
est 


-.. AND TYPING 
in 


ined LL 
ve Drafting 
is the tough- 

urable draft- 
ium you can use, 


Now K&E provides the ultimate “3-way” surface 
for super-tough HERCULENE” Drafting Film 


Only K&E Herculene Drafting Film 
has a surface pertectly engineered for 
pencil, ink and typing... plus the ex- 
treme toughness and durability of a 
DuPont “Mylar"” film base. You get 
the absolute assurance of superior 
“take”. And Herculene erases easily 
and quickly without the need for 
erasing or correcting fluids. 


Virtually indestructible, Herculene is 


so tough you can hardly tear it. It can’t 
be damaged by moisture. And it’s 
permanent . 
ant to damage by aging or handling. 


. your drawings are resist- 


Herculene has ‘‘balanced” trans- 
parency... just the right combination 
of high actinic transparency for repro- 
duction with essential visual opacity for 
drafting. You get sharp, legible repro- 
ductions at high machine speeds. And 


you can make prints from a Herculene 
Drawing indefinitely without its yellow- 
ing or tearing, cracking or becoming 
brittle 


Herculene is economical too now 
costs Jess than cloth. Prove these facts 
for yourself by writing today for a 
free sample. Just clip and mail the 


coupon below. 


SE EE ee ee a ee ee ee ee a a 


KEUFFEL & ESSER CO., Dept. £M.2, Hoboken, N. J. 


I want to see a sample of the new K&E Herculene. 


Name & Title: 


Company & Address:- 
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For Stampings Standard... 
For Stampings Right... 

Or Stampings Special... 
The Price is Light... ¢) 
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BRACKETS METALLIC GASKETS SPECIAL WASHER CLAMPS ELECTRONIC CHASSIS BRAZED AND BENCH ASSEMBLIES 





Now you can be sure... with a nationally-known stampings service... 
in your area,..experienced, factory-trained sales engineers available for con- 
sultation.,.for stampings in quantities one to a million...with the advantages 
of better quality, faster delivery and lower costs. Here's how it’s done: 


A FEW PIECES —at Experimental or Pilot Stage 
NO DIES! Our Machine Cut Method, applying cus- 
tom-built slitters, cutters, notching dies, slotting dies, 


bending tools and stock punches—Pvuvs special techniques 
and skills—produce these small quantities at very low cost. 


SHORT RUNS 
LOW-COST, SHORT RUN TOOLING! 


This Method produces something more than a few, but 
less than high production quantities. Simple contour dies, 
special purpose presses keep costs way low. Newly ex- 
panded facilities speed deliveries. 


PRODUCTION RUNS 
MODEST DIE CHARGES .. larger quantities! 


Here is where our regular Production Tooling Method 
applies to advantage...to deliver high quantity Stamp- 
ings, and at lowest possible unit cost. 


Our service checks your requirements against 
our 3 methods...one is sure to work out best 
for you—and your budget. Let us quote your 
next job...including brazing, welding and 
assembly, if desired. 


STAMPINGS DIVISION r } | 7 
“One Piece or a Million” ai ‘ie rr | | | 3h 


rere 1 METALLIC GASKETS » ELECTRONIC CHASSIS 


vee iiaetilinen ae STAMPINGS 
...0n most Bid Lists BY LAMINATED SHIM CO. SPECIALISTS 
4802 UNION STREET, GLENBROOK, CONN. 
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to a mechanical schematic for the 
computer. (728) 


The Space Environment—A Prelimin- 


ary Study, October 1958, 16 pages. 
Analysis of natural environments 
in space (above 75,000 ft) as they 
affect future equipment design. 
Anticipated values are presented 
for atmospheric composition, pres- 
sure, solar radiation, ozone, dis- 
sociated gases, aurorae, ionized 
gases, solid particles, and the 
earth’s magnetic field. (710) 


Titanium—Its Properties and Design 


Potentials, October 1958, 12 pages. 
Current and potential structural and 
electronic uses for titanium and its 
alloys in component and equipment 
design are presented. Discussed are 
physical and electrical properties 
of standard and new alloys, with 
fabrication data supported by charts 
and graphs. (711) 


High Voltage Transistor Regulated 


Power Supplies, September 1958, 4 
pages. Design equations and circuit 
analysis for two regulator circuits. 
One uses germanium p-n-p tran- 
sistors and provides 200 volts d-c 
output at 500 ma, the other uses 
silicon n-p-n transistors for opera- 
tion to 85 C with regulated output 
adjustable from 110-130 volts d-c 
at 600 ma. (703) 


Silicon Power Rectifiers—A Survey, 


September 1958, 12 pages. A com- 
prehensive presentation of what is 
available today in the field of silicon 
power (1 amp and over) rectifiers 
and notes concerning their use in a 
wide variety of applications. A ma- 
jor portion of the article is tables 
giving detail ratings and character- 
istics of the units obtainable from 
sixteen manufacturers. Rating in- 
formation given includes current, 
PIV, temperature, forward voltage 
drop, max reverse current, max 
allowable surge, etc. (717) 


Magnetic Properties of Stainless 


Steels, September 1958, 5 pages. 
Practical tips on selecting a corro- 
sion-resistant steel with particular 
magnetic (or non-magnetic) proper- 
ties for structural and magnetic 
applications. Effects of heat treat- 
ment and/or cold working on mag- 
netic properties of martensitic, 
ferritic and austenitic alloys are 
reviewed. (725) 


Non-Linear Transistor Compensation 


in High-Gain Servo, September 
1958, 4 pages. Mechanical and elec- 
trical design features of a compact 
positioning servo for either thrust 
or rotary service are described. The 

(Continued on page 169) 
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OILTIGHT 








(AB) 


7 


N-BRADLEY CO 


Both operating pressure and dif-f 


ferential are adjustable on these 
new A-B oiltight pressure switch- 
es. Operating pressure is exter- 
nally adjustable, and setting 
shows on calibrated scale. A trip 
indicator shows operating point. 


Internal view of piston design 





7 
7 For machine tool hydraulic 
| systems—operating at 

vy) iS pressures up to 5,000 psi 


Especially designed for heavy duty industrial appli- 
cations, these new Allen-Bradley oiltight high pressure 
switches assure long, trouble free life. The attractive 
die-cast aluminum enclosure is completely sealed to ex- 
clude oil and water. The snap-action switch mechanism 
maintains its high contact pressure to the point of 
switchover—no matter how slowly it is approached. 
Contact chatter is eliminated—trouble free contact life 
is increased. The contact block has two isolated circuits 
with one N.O. and one N.C. set of contacts. 


Send for complete information on this newest addition 
to Allen-Bradley’s wide line of quality pilot controls. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


ALLEN -BRADLEY 


MOTOR CONTROL 


Also...A New Line of 
Pressure and Temperature 


Controls with Lower Differentials 


Grice Bulletin 837 Type A 


temperature control with 
new lower differentials. 
Ranges up to 490°F. 


Bulletin 836 Type A aioe 


pressure control with new 
bellows that provide ten 
times longer life. Operat- 
ing ranges up to 900 psi. 








used on units for systems above 
500 psi. Bellows type construc- 
tion is used up to 500 psi. 











OF OPERATIONS 


Here are some new—and some old 

—Allen-Bradley oiltight limit 

switches—all built to give you 

extra millions of trouble free opera- 

tions. Their switch bodies and 

operating heads are both sealed. 

Oil, dirt, and metal chips cannot 

enter and foul the contacts or 

cause sluggish operation of the 

momentary contact mechanism. 

Double break, silver alloy con- 

tacts never need maintenance. 

an The snap action switch is positive 

ae Allen-Bradley Bulletin 800T insurance against any reduction of 

oiltight limit switches on typical life the contact pressure as the “‘trip 

tests have run many millions of op- point” is approached. This means 

erations. Write for complete in- less chance for chatter and arcing 

formation on the Allen-Bradley line of relays, contactors, or starters 

of quality limit switches for every operated by the limit switch—and 

industrial application. prolonged trouble free contact life 
for the limit switch itself. 





The Allen-Bradley line of limit switches is complete. 
Illustrated are only a few variations. 


Top Push Rod | 
with Plastic | 


a Neutral Position Momentary 
for Flush Contact Limit Switch. One set 
Mounting of contacts is closed for 

each direction of operation. 





~ 
Adjustable Adjustable | 
Rod Roller Y 
Lever 


Wobble Stick Wy Fork Lever Side Push 
Type ‘ ; Type Roller 


gs 7 
ALLEN - BRADLEY 
“cuenta 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 





use of diodes for temperature com- 
pensation in the transistor amplifier | 
is outlined. (739) . 


Ferrites for High-Power R-F Tuning, | CAN YOU IDENTI ry 


August 1958, 12 pages. The re- 
sults of a program for evaluating THESE SILICONE 


commercially available ferrites for 
power tuning applications in the | RUBBER SHAPES 
range from 2.5 to 30 megacycles. | 

Included are (1) magnetic per- 
meability and Q as a function of 
frequency, r-f flux and tempera- 
ture; (2) dielectric constant aan Qo STA LWA R ag ? 
as a function of frequency and elec- = 

tric field intensity; and (3) recom- 
mendations for specification data 
to be supplied by ferrite manufac- 
turers. (715) 


PRODUCED BY 











REALLY IS 


Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. 
Internal standards for the electronic 
portions of machine control sys- 
tems, prepared by the Plant En- 
gineering Electronics Committee of 
General Motors Corp., are offered 
for general industry use in conjunc- 
tion with the JIC Standards for 
Industrial Equipment (see Reprint 


724). (722) 





Silicone gasketing for high 
temperature industrial oven. 


Chemical resistant tool for 
scraping bottom of the barrel. 





we of 2) y 8 ) 
ecPeenseces ths 20 6 C SEAR aaa 
Tip for pogo stick used by a 
faint-hearted fakir. 


A chemical and temperature 
resistant bellows used in jet 
aircraft. 


Dynamic “In-System” Specifications 
for Control Components, August 
1958, 8 pages. The urgent reasons 
why the performance specifications 





for components to be used in con- 
trol systems should include their 
dynamic performance characteris- 
tics and define their in-system be- 
havior and requirements. Examples 
of system characteristics of several 
important types of components are 


included. (723) 


Last word in wrapping for a 
red-hot mummy. 


ooN 


Special Silicone winding for 
an electric motor. 





British Magnetic Amplifier Develop- 
ments, July 1958, 8 pages. An anal- 
ysis of basic magnetic-amplifier 
circuits and their practical applica- 
tions. Includes performance data as 
well as physical characteristics on 
such circuits as the Ramey half- 
wave amplifier, full-wave d-c power 
supply, and a bridge full-wave 
auto-self-excited amplifier. (732) 


Disguise for a half-masked re- 
frigerator-raider. 


Silicone gasket produced for 
the automotive industry. 
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Mechanical Fasteners for Military All-weather decoy for duck 
Electronic Equipment, June 1958, paces 
16 pages. A comprehensive, fully- 
illustrated guide to the various Guessing games can be fun... but not with rubber 
mechanical fasteners that are ap- parts! Silicone rubber parts by Stalwart assure Bites 
proved for use on military electronic | you high strength, maximum stability and superior cen nin — 
equipment. Sources of supply, mili- dielectric qualities at temperatures ranging from pr eo trecnie a 

: 160° to +600° F. And Stalwart is the only pro- 

ducer of extruded and calendered Silicone sponge 

parts. Stalwart also accurately produces parts 

from a complete range of natural and synthetic 

rubber compounds to meet individual operat- 

ing requirements. Write for complete information. 


Heat-resistant Silicone extru- 
sion used for oven gasket. 








tary references, application remarks 
and comparative assembly costs are 


included. (713) 





Combined Analog-Digital Control Sys- 
tems, June 1958, 9 pages. Practical 
sub-circuits for systems requiring 197 Northfield Road 
both the “real-time” characteristics TALWART Bedford, Ohio 
of analog computers and_ the 


Manufacturing facilities in 


computational ability of digital RUBBER COMPANY Jasper, Georgia and Bedford, Ohio 
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Rack-Mounted e Compact 


The 


WORLD’S 


Ready-To-Use « Low Cost 


High Efficiency ¢ Quiet 


= 






Most Practical 


COOLING UNIT 







From the World Leader in Packaged Cooling! 


McLean's Model 2E408A popular cooling units are the 
industry's standard . . . there are no better packaged 
blowers available. Over 10,000 of them are in use, 
cooling transistors, power supplies, and electronic 
tubes in systems all over the world! They provide 
high velocity, and fast cooling in a minimum of 
space (7 inchesx 19 inches, 300 CFM.) McLean has 
a complete line of fans and blowers in every size 
for every cooling application. Mil. Spec. equipment 
for packaged cooling also available. 


ENGINEERING 
McLEAN LABORATORIES 
World Leader in Packaged Cooling 


Princeton, New Jersey — WAlnut 4-4440 
TWX Princeton, New Jersey 636 








FREE wnbetinie DATA 


24 Page Catalog 
@ 12 Page Article 
Forced Convection Cooling 
@ Specification Sheet on 
Reversible Fans 
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NOW - 48-56 Gauge Wire Coils 
built to YOUR specifications 
Whatever your application—from hearing aids to missile sys- 


tems—Deluxe Coils’ new fine wire plant can supply the miniature 
coils you need . . . built to your specifications for precision and 





accuracy. 


Deluxe Coils’ newest facility spans 15,000 sq. ft. It is air and 
sound conditioned and completely equipped to produce all types of 
miniature fine wire coils, 40-47 gauge, ultra fine wire coils, 48-56 


gauge, and components. 


Write for information on Deluxe Coils’ fine wire production 
capabilities—and how they can be put to work for you, right away. 


oe a SS > Se ee oso Se 


POST OFFICE BOX 318 © 
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INC. 
WABASH, INDIANA 


computers: analog-to-digital and 
digital-to-analog converters; hybrid 
multiplication circuits; sine-function 
generators; the “squaring bridge” 
and the servo divider. (716) 


Design by Test and Analysis Spurs 
Relay Progress, June 1958, 10 
pages. Summary and report on the 
Sixth Annual National Conference 
on Electromagnetic Relays, Okla 
homa State University. Important 
papers presented relate the develop- 
ment of new relays, test methods 
and equipment. Further efforts by 
the NARM toward standardization 
are described. (718) 


Structural and Electrical Applications 
of Aluminum in Europe, May 1958, 
12 pages. A survey evaluating and 
illustrating European engineering 
experience with aluminum in re- 
search, development and manufac- 
turing of electrically energized 
equipment. The article includes 
specific case histories, advantages 
and disadvantages of British, 
French and German experiences 
with aluminum and its alloys. Ma- 
terial is based on papers presented 
at a symposium sponsored by the 
British Aluminium Development As- 
sociation in London during May. 
1957. (726) 


Selenium Rectifier Selection and Cir- 
cuit Design, April 1958, 12 pages. A 
guide to selection and circuit ap- 
plication factors for selenium recti- 
fiers, derived from basic circuit 
analysis, for single-phase halfwave 
and bridge arrangements. (731) 


Crossbar Switch Applications, April 
1958, 12 pages. Circuit details of 
the application of these compact 
three-dimensional contact arrays 
for: 3-coordinate single-point selec- 
tion; stepping-switch scanner con- 
trol; digital-to-analog conversion; 
analog-to-digital conversion; mul- 
tiple indexing and switching func- 
tions. (730) 


Ferroelectrics as Solid-State Devices, 
March 1958, 12 pages. Summary of 
types, properties, mechanisms and 
applications of nonlinear dielectrics 
as: capacitors, transducers, resonant 
and nonresonant amplifiers, ferro- 
electroresonant switches, memory 


devices. (714) 


International Standards for Motor 
Dimensions Set for Final Approval, 
March 1958, 8 pages. Final pro- 
posed I.E.C. motor dimensional 
standards for interchangeability be- 
tween metric and inch systems are 
presented. Problems and compro- 
mises necessary in achieving this 
are described. (708) 


(Continued on page 172) 
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rugged steel base plates 


THIS IS A 
RELAY 

YOU CAN 
STAKE YOUR 
REPUTATION ON 


powerful AC or DC solenoids 


simple, fast, easy installation spec ds assembly into your equipment 


every aspect of Ward Leonard bulletin “HR” relays is designed for maximum 


reliability .. . these are components you can buy, install and then forget 


Ward Leonard “HR” relays are engi- 
neered for industrial and electronic 
applications requiring: ultra-long life, 
high speed, high reliability, compact- 
ness and versatility. 

Consider the powerful solenoids, just 
one of the features shown above. Every 
HR relay, AC or DC, is equipped with a 
powerful solenoid to assure fast, con- 
sistent, long-life operation so essential 
in the circuitry of any high reliability 
relay. The “E-I” laminated magnet ar- 
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mature is free-floating and self-align- 
ing to minimize noise level. DC solenoids 
fast 
Nylon armature guides minimize oper- 
ational friction. All AC and DC 


feature exceptionally operation. 
powel 
plants are readily interchangeable. 

2 to 8 pole “HR” 
five W/L lines of industrial power re- 


relays are but one of 


lays... all designed with emphasis on 
reliability. Write for bulletin 4470. 
Ward Leonard Electric Co., 34 South 
Street, Mount Vernon, N.Y. 
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friction-free nylon parts 


molded coils minimize “burnouts” 


WARD 
| LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 





LIVE BETTER... E/ectrically 


BR elO- EE ryncored Contiols Since 1892 


StS) | ae i (i ew 
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MODEL GS 


CLUTCH 


NEW HIGH TORQUES — 
SAME SMALL SIZES 






: 
ates 
2) 


a a 


| Sets new standards of reliability 


and maintenance 
convenience 


Min. Diameter 4712 in. 
Max. Diameter 9 '/, in. 
Min. Depth ~- - 312 in. 
Max. Depth - « « 6in. 


NEW Torque Ranges — 
Dry — 12 to 1260 lb ft; Wet (oil) — 16 to 1140 Ib ft. 
(former ratings from 9 to 540 Ib ft.) 


o e o 
NEW Stearns Friction Discs — 
provide long, trouble-free life — greater resistance to heat and pressure 
. seldom need adjustment for wear. Type “GS” friction discs can be 
replaced, or adjusted quickly and easily with just a screwdriver as your 


tool kit . . . for lowest-cost-per-year operation . 


. . specify Stearns! 


v Check — Compare these additional $avings features: 


®@ Stationary Magnet Body — simpli- 
fies installation. No thrust loads on 
shafts or machine elements. All 
clamping forces are self-contained. 

@ Plug-in Electrical Connections — 
No slip-rings, no brushes to install 
or maintain. 

@ Shipped Fully Assembled — you 
receive units from Stearns com- 


pletely assembled, tested, ready 
for installation. 

@ Duplexed Bearings—conservative- 
ly loaded, sealed, prelubricated... 
assures longer, trouble-free life. 

® Versatile Control — can be elec- 
trically energized by virtually any 
type switching device of adequate 
capacity. 


Call your local Stearns Representative, or write direct for complete “GS” data. 


SLians. [tm tong -llomele)-1-1e)-7 bale)," 


120 NORTH BROADWAY 
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Evaluation and Applications for Fiber- 


Insulated Magnet Wire, February 
1958, 12 pages. Characteristics and 
application areas of various types of 
fiber-insulated, film-insulated and 
composite-type magnet wire. Com- 
mercial identifications given. Stand- 
ards are listed. Comparative ad- 
vantages and disadvantages of 
various types are discussed. Among 
insulating materials analyzed are 
newer materials such as glass fiber, 
Dacron polyester yarn, Nylon yarn, 
Mylar polyester film and Quinterra 
asbestos paper. (707) 


JIC Electrical Standards for Industrial 


Equipment, June 1957, 24 pages. 
Revised specifications for the appli- 
cation of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 
5—$3.75; 10—$6.00; 25—$12.50; 
50—$20.00; 100—$30.00. Send 
check with order payable to The 
Gage Publishing Company, 1250 
Sixth Ave., New York 20, New 
York. (724) 


Editorial Index to Electrical Manu- 


facturing for 1957, 24 pages. In ad- 
dition to an annotated, subject- 
classified index to all the feature 
articles, this booklet provides an 
author index and reproduces the 
ELECTRICAL MANUFACTURING Func- 
tional Subject Classification and Al- 
phabetical Subject Cross Index. 

(737) 








Slide Rule Mathematics 
Reprint Available 


Due to the great interest in 
the two-part article on “Slide 
Rule Mathematics” appearing 
in our March and April issues, 
ELECTRICAL MANUFACTURING 
has reprinted the articles un- 
der one cover, with tear-out 
practice rules included. Avail- 
able in two-color format for 
$1. Send remittance with order 
to: 


ELECTRICAL MANUFACTURING 
Attention: 


Reader Inquiry Service 
1250 Sixth Avenue 
New York 20, N. Y. 
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Up to 233% more holding power with 
NEW UNBRAKO pHa" socket cap screws 








CONVENTIONAL 
SOCKET CAP SCREW 


UNBRAKO 
“pHd” 





BEARING AREA 








*pHd stands for ‘‘proper head design’’—a factor in higher product reliability 


Enlarged head diameter, without change in head height, increases usable 
fastener strength as much as 134%, provides as much as 233% more holding 
power. The greater clamping force achieved with the new UNBRAKO pHd 
means longer fastener life under dynamic loads, offers the following 
advantages: 

@ Miniaturization. Space and weight-saving through use of smaller diameter or 
fewer screws. The 170,000-190,000 psi of these fasteners can be used to greater 
advantage. 

@ Reduction of fatigue failures. pHd allows consistently higher preloading, a 
major factor in lengthening the fatigue life of threaded fasteners. 

@ Fewer loosened threaded fasteners under shock or vibration. 

@ Eliminates washers under the heads of cap screws where they are used to in- 
crease the effective bearing area. 

@ Minimizes effect of oversized holes on the head-bearing area. 

The head diameter, enlarged on %6, “6, “et. %. 34, % and | in. sizes, also 

= : ‘ + 

prevents the screw head from indenting the material being assembled—a 

fault that normally reduces,and sometimes completely loses, the vital preload 

or tensile stretch that keeps the screw tight and prevents fatigue failure. 
pHd also provides room for a bigger socket, which permits tightening to 
higher recommended preloads. 


COMPARISON OF UNBRAKO pHd AND CONVENTIONAL DESIGN 


Each size can now be utilized with equal reliability. The bearing stress is consistent from size to size in the new Unsrako pHd socket cap screws. 





HEAD DIAMETER 


BEARING AREA 


LOAD TO INDENT {oz INCREASE| TIGHTENING TORQUE 














SCREW (in.) (sq. in.) IN CAST IRON (Ib) | USABLE (\b.-in.) + 
i ee = eon _ Satag = 
| Old pHd Old pHd old pHd STRENGTH) gid | pid 
Y 375 375 041 041 3.2 3,281 = 165 180 
Ve 438 468 047 072 3,7 + | 5,760 54 32 360 
% 562 562 102 102 8.151 3 15( = 60 660 
he 625 656 116 148 9271 1,800 27 l 1,040 
Ys 750 750 188 188 15,00( 15,000 < 145( 1,590 
Yet 812 843 209 247 16,70( 19,706 18 2,270 
% 875 937 203 305 16,20( 4 40( 51 2 3,190 
% 1.000 1.125 223 432 17,80 34,60( 94 5,08 | 5,600 
%, 1.125 1.312 254 594 20,300 | 47,501 134 ( 8 900 
1 1.312 1.500 364 785 29, 10( 62,8 11 55 | 13,600 

















{Normal recommended seating torques for unplated screws, fine threads 





High Reliability 


SPS research is continually de- 
veloping fasteners with higher 
and higher standards of predict- 
able performance. By installing 
SPS high reliability fasteners in 
your assemblies, you increase 
your overall product reliability. 





‘ Available as a special only (listed for dimensional data) 


The new UNBRAKO pHd socket head cap screw is now available through all 
authorized industrial distributors at no increase in price. Specify UNBRAKO 
pHd when ordering. For technical data and specifications, send for Bulletin 
2406. Unbrako Socket Screw Division, STANDARD PresseD STEEL Co., 


Jenkintown 9, Pa. 


We also manufacture precision titanium fasteners | 
/ write for free booklet 








‘**High Reliability’ is a booklet 3 Jenkintown e« Pennsylvania 
just published by SPS. Write for 
your copy today. peso omerigr Steel iver ° ae Cleve ” - p -< ew < , ° 
bh C pei PS Wester e va C » | e 
Inbrako Socket Screw Co., ltd 
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Special Reprint Service 





Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or re- 
lated subjects are available at the 
nominal prices indicated in each list- 
ing. For ordering convenience, use 
the handy Order Form below. Orders 
must be accompanied by remittance 
or company purchase order. Please 
include 3% City Sales Tax on orders 
for New York City delivery. Make 
checks payable to The Gage Publish- 
ing Company. 

Since handling expenses are a sig- 
nificant cost element in the distribu- 
tion of the reprints, grouping of 


orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices (which include shipping 
charges) per copy apply: 


Quantity 

Title 5 25 
Fourier Analysis 90 .75 
Semiconductor Theory 90 .75 
Boolean Algebra 1.80 1.60 
Slide Rule Mathematics 90 .75 
Human Engineering 2.25 2.00 
Casting Resins 1.75 1.50 


Prices for larger quantities are avail- 
able on request. 





Using Fourier Analysis in Design, 
February 1959, 16 pages. Fourier 
analysis, one of the oldest mathe- 
matical-engineering tools, is usable 
as a design approach in the widest 
range of applications. In system and 
subsystem design, it permits the 
engineer to design or select devices 
for a particular transient perform- 
ance solely on the basis of their 
steady-state sinusoidal performance. 

















Many control-system engineers use 
aspects of Fourier analysis without 
recognizing the source of their 
methods. A thorough theoretical 
background on Fourier analysis is 
presented plus a discussion of the 
areas of application with specific 
examples to point up particular 
problems which are often en- 
countered. Written by Ira Ritow, 
Airborne Instruments Lab. $1.00 


sai nea nie ey ina RNeasy a er REO NE 
| | 
| 
| ORDER FORM | 
Please enclose remittance or company purchase order. | 
| No. of Price ; 
| copies 
| 
Using Fourier Analysis in Design Ss | 
| 
| Introduction to Semiconductor Theory ... . fs 
| | 
| Engineering Applications of Boolean Algebra nee I 
| | 
Five-Year Annotated Editorial Index ...... —. H 
| ____ Slide Rule Mathematics ERS ET rate on 
—__— Human Engineering in Equipment Design ................  __—_—s 
| Casting Resins and Application Techniques .............. C= 
| | 
| $ ' 
ndininiiimeiien eemananounet | 
Total Copies Total Order | 
| | 
| TO: ELECTRICAL MANUFACTURING, 1250 Sixth Avenue, New York 20, N. Y. 
| 
| rk aes wkaenasaeel TITLE 
! 
| I re, ; 
I 
| EET AS EET AO ESE | 
| | 
| Gara as ZONE STATE 
(Add 3% City Sales Tax for New York City delivery.) | 
re Re Pe a ee | 


Introduction to Semiconductor Theo- 
ry, January 1959, 24 pages plus 
cover. A detailed discussion of con- 
duction processes in semiconductors 
written for the design engineer and 
presented as a basis for understand- 
ing the physical principles of opera- 
tion of semiconductor components. 
Classes of devices are described 
by simplified mathematical and 
graphical representation of para- 
meters in terms of operating point 
and temperature. Theory of solids 
is presented, followed by a discus- 
sion of the qualitative aspects of 
semiconductors. P-N junction and 
metal-semiconductor contact theory 
is described and the effects of volt- 
age, temperature, and other ex- 
ternal influences are analyzed. Tran- 
sistor theory is then presented in 
terms of the basic conduction proc- 
esses in a p-n junction. $1.00 


Engineering Applications of Boolean 
Algebra, 68 pages. A design guide 
to the analysis and synthesis of 
switching circuits and logic sys- 
tems—both combinational and _ se- 
quential—in any medium: mechani- 
cal, electrical, hydraulic, electronic 
or solid state. Includes five pre- 
viously published articles plus a 
never-before-published appendix. 


e Language and Laws of Boolean 
Algebra 

e Analyzing Combinational Cir- 
cuits by Boolean Matrices and 
Karnaugh Maps 

e Analyzing Specifications and De- 
signing Circuits 

e Circuit Design Using Boolean 
Matrices and System Synthesis 
Using State Coding 

e Designing Sequential Circuits 

plus (available only in this combined 
reprint) 

e Electronic Sequential Circuits 

e Tabular Reduction Techniques 

e Selected Bibliography 
Written by Boris Beizer, Airborne 

Instruments Laboratory, and Ste- 

phen W. Leibholz, Republic Avia- 

tion Corporation. $2.00 


Five-Year Annotated Editorial Index 
to Electrical Manufacturing, 60 
pages. A short-cut to research for 
design engineers. Book lists, by 
functional subject classification and 
with succinct annotations, every 
feature article and major “Design 
Trends” short article published in 
ELECTRICAL MANUFACTURING dur- 
ing the 5-year period from 1951- 
1955. $1.50 


Slide Rule Mathematics, 20 pages, 
plus 4 practice slide rules printed 
on a separate sheet of heavy stock 


ELECTRICAL MANUFACTURING 
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WITH THE NEW 
BRUSH RECORDER 


He’s MARK || 
t t ¢ 
g e q rn ay So can you. The versatile Mark II is an in- 


tegrated oscillograph package—a readout 
tool for engineers and technicians every- 


re SS Ui j ts where ...in the shop...in the lab... or 
a 2 2 in the field. 


Just plug itin... put it to writing... 
anywhere. 



















PERFORMANCE SPECIFICATIONS 


Recordings—Uniform, crisp, easily repro- 
é& duced. Trouble-free ink writing on 
precision chart paper. 





Channels—Two analog, plus two event 
markers. 

Sensitivity— Maximum of 10 mv/chart line 
(mm); range, 10 mv to 400 v. 

Input— Differential; impedance 5 megs each 
side to ground. 

Frequency Response—D.C. to 100 cps. 


Write for free booklet 2521A for complete 
specifications. Immediately available from 
stock. Price $1350. 


brush 


RECORDER warn 





ome ou 'NeT AL “Ms wTs 


2. 


——_ brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS CLEVELAND 14, OHIO 
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DECISION MAKER 


for simplified monitoring, 
controlling, high-precision switching 


Normal /abnormal high/low go/no-go: these are 
important decisions being made by A.P.I. Very High Sensitivity 
Measuring Relays. 

Direct from sensory elements or circuits, the A.P.I. measuring 
relay makes a decisive “yes or no” decision on the basis of very 
close-tolerance voltage or current changes. In typical, critical 
applications, this measuring relay is saying “yes or no” on a change 
of +1 microamp; or in a 400- to 500-volt circuit, on a variation 
of only a few percent. 

Moreover, the relay is capable of actuating on very tiny cur- 
rents: for example, total inputs as small as 0.2 microampere or 
0.1 DC millivolt. It does so without signal amplification, amplifier 
costs or the signal distortion problems that often go along. 

Performance stability is inherent; reliability is exceptional due 
to the A.P.1. locking-coil design. On “make”, contact is firm with 
substantial contact pressure; contact resistance is low. On “break”, 
separation is clean and quick without contact teasing. 

10,000,000 perfect operations is not an all-time record; it’s a 
reasonable expectation of service life. 

Widely used for precision switching in computer, control and 
alarm circuits, VHS measuring relays are practically unlimited in 
scope of application. 


For more information, send for Bulletin 104-D. 


Chesterland 14, Ohio 
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for easy cut-out. A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a 2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 
plete concise instructions for its 
use. Over 50 two-color illustrated 
examples of step-by-step slide rule 
settings are given. Major topics 
include: 


e The Basic Slide Rule 
Variations on Basic C-D Opera- 


tion 

Trigonometry 

The Log-Log Scales 
Vector Diagrams 
Hyperbolic Functions 
Phasor Calculations 
The Circular Slide Rule 


Written by Ira Ritow, engineer- 
teacher-author, whose previously 
published work in ELECTRICAL 
MANUFACTURING includes “Capsule 
Calculus” and the 5-part series 
“Fundamentals of Servomechanism 
Design.” $1.00 


Human Engineering in Equipment 


Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and _ instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
systems, special-purpose instrumen- 
tations and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. $2.50 


Casting Resins and Application Tech- 


niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control 
problems. Annotated bibliography 
of articles is included. $2.00 





ASSEMBLY PRODUCTS, INC. 





Postcard return cards are provided on 
page 17 as a convenience to the reader 
in obtaining further information on— 
¢ New Components and Materials 
e Literature for the Design Engineer 
¢ Feature Article Reprints 
e Advertised Products 
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WAGNER CAPACITOR-START MOTORS 


operate in ANY position... provide dependable starting... 
pack more power into less space! 





Here's the answer for applications that require angle mounting 
of fhp motors. Wagner Type RK sleeve bearing motors, in 
fractional ratings, have a positive lubrication system that per- 


mits Operation in any position. 


You get quick, trouble-free starts—thanks to a Wagner de- 
signed quick break switch—and you get more horsepower with 


less bulk, for a better chance to lick those tough space problems. 


You can get these motors from leading motor distributors in 
your community and from Wagner Sales Offices in 32 principal 
cities. Your Wagner Sales Engineer will be glad to help you 
9 Single phase Type 
RK, VY through 5 hp. 
/ Sleeve or ball bearing. 


select the right motor for your application. Wagner Bulletin 
MU-217 gives full details. 


rigid or resilient mount. WM59-6 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wasner Electric Corporation 


6454 Plymouth Ave., St. Louis 14, Missouri. 
SERVING 2 GREAT GROWTH INDUSTRIES...ELECTRICAL... AUTOMOTIVE 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages |7 and 19. 








Literature 


for the 


All-new listings of manufacturer’s literature just off the press .. . 
including catalogs, manuals and other reference publications relat- 
ing to components and materials for designed-in use in electrically 


energized end products. 





STEEL AND ALUMINUM— New edition 
of 256-page, pocket size data book in- 
cludes aluminum analyses, character- 
mechanical properties and 
tolerances which are in addition to 
published information on 
steel. Principal change is the adding 
of aluminum data. Joseph T. Ryerson 
& Son, Inc. — 632 


istics, 


previously 


TRANSISTORS—-New 48-page booklet 
Form 4137, “Transistor Fundamentals 
and Applications,” contains basic in- 
formation on transistor theory and 
circuit applications with circuit di- 
agrams and explanatory drawings. The 
last portion of this book of 16 sections 
includes 48 multiple-choice review 
questions and answers based on the 
text. Radio Corp. of America. —>633 


COMMUTATOR PROBLEMS Wall 
chart gives ready references to 14 pos- 
sible causes of common electrical and 
mechanical (troubles) of 
commutators as an aid to. original 
equipment, manufacturing and inspec- 
tion personnel. Commutator Section, 
National Electrical Manufacturers As- 
— 634 


problems 


sociation. 


SILICONES—-The 1959 Guide to Dow 
Corning silicones in 16 pages describes 
and illustrates ways to cut production 
costs, simplify designs, improve per- 
formance and add new sales appeal to 
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products. This handy guide lists refer- 
ence numbers after descriptions of spe- 
cific silicone products. Dow Corning 


Corp. — 635 
FASTENERS—A new 32-page catalog 


lists thousands of fasteners of all types 
and describes and illustrates the com- 
pany’s manufacturing divisions, stamp- 
ing, cold-heading and screw machine. 
Typical samples of work produced are 
also shown in this Purchasing Agents 
Guide No. 107. Abbott Screw & Mfg. 
Co. —> 636 


TERMINAL CONNECTORS A conveni- 
ent feature of Catalog 57, in post-type 
binder, is a completely tabbed thumb 
index for locating each class or type of 
connector. A special design section is 
devoted to non-standard connectors that 
can be made up from standard compo- 
nent parts. By referring to this “De- 
signs from Components” 
engineer can specify and order con- 
nectors for unusual or special applica- 
tions. Anderson Electric Corp. —>637 


section, an 


FORCE MEASUREMENT —~ Semi-techni- 
cal booklet “Modern Force Measure- 
ment, No. 1 — Principles,” describing 
and comparing modern industrial tech- 
niques for measuring force, weight, 
pressure, etc., is the first in a series 
of reference manuals to aid the engi- 
neer in understanding and up-dating 
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force measurements through electronic 
systems. In 20 pages fully illustrated 
with sketches, charts and diagrams, this 
booklet outlines the principles of SR-4 
bonded strain gages and their use in 
force measurement devices. System in- 
accuracy is treated in detail. Case 
histories of many typical force measure- 
ment systems are included. Baldwin- 
Lima-Hamilton Corp.. Electronics & In- 
strumentation Div. — 638 


PEARLITIC MALLEABLE CASTINGS 

Handbook, 74 pages, furnishes an intro- 
duction to pearlitic malleable, as well 
as a ready reference to the latest in- 
formation and data on this material. 
Four chapters cover introduction to the 
material, castings, facts and figures for 
design, and applications. Three charts 
contain all information necessary to 
translate basic design needs into final 
pearlitic malleable specifications, with 
tables, charts and illustrations. Malle- 
able Research and Development Foun- 
dation. — 639 
LOCKNUTS—FEight-page condensus of 
144-page catalog that gives all basic 
engineering data and specifications on 
hexagon nuts, Pointer nuts, “Conelok,” 
“Huglok” and “Marsden” locknuts. 
Brochure available with a 24-page en- 
gineering data section. National Ma- 
chine Products Co. — 640 


CONTROLLED RECTIFIER Booklet 
ECG-327 (17 pages, loose-leaf) entitled 
“Application Notes for ZJ-39A Silicon 
Controlled Rectifier” describes circuit 
fundamentals for use of a newly devel- 
oped controlled rectifier which is a 
three-lead semiconductor. It is basically 
a rectifier which is modified to block 
in the forward direction until a small 
pulse of current is injected into the 
gate terminal. After this, it assumes the 
forward characteristic of a conventional 
rectifier. General Electric Co., Semi- 
conductor Products Dept. — 641 


MINIATURE TRANSFORMERS — Cata- 
log, 22 pages, lists transformers and 
related magnetic components rated 2 
to 35 va continuous duty. Minitran 
Corp. — 642 
STAINLESS STEELS —Sixteen-page Prod- 
uct Data Bulletin describes Armco 17-4 
PH, a precipitation hardening stain- 
less steel whose combination of high 
strength, corrosion resistance and easy 
heat treatment makes it an alloy of im- 
portance to designers and engineers. 
Data on available forms, chemical 
composition, mechanical properties, 
physical properties, corrosion resist- 
ance and fabrication are included in 11 
tables. Fabricating Data Bulletin, 
“Welding Armco 17-H Precipitation 
Hardening Stainless Steel,” also 16 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





HIGH SPEED STATIC SWITCHING (at half the price)! 


Sylvania Electric Products Co. engineers have just re- 
placed an electronic relay, two small mechanical relays, 
a limit switch, and a separate power supply with a single 
CONTROL switching reactor which costs only half as 
much! They did it by taking advantage of the multiple 
windings on a CONTROL switching reactor—equipment 
which, because of its static operation, never wears out. 
Seems a high speed assembly operation on one of Syl- 
vania’s complex, highly automated vacuum tube produc- 
tion machines calls for a magnetic clutch to drive an in- 
dex table. The clutch orients the work part by rotating 
it until current flows through two properly located con- 
tacts. Our CONTROL switching reactors not only cut 
costs in half, but do a job that the relays couldn’t do: pro- 
vide the ultra high speed signal necessary for proper 
switching in the automated assembly. Jt worked so well 
Sylvania said, “I’ll be switched!” We said, “With a 10,000 
to one switching ratio, and ratings of 15, 75, 150 and 300 
VA, most anything for control can be!” 





Versatile, we are too! The same type of CONTROL switching reactors that 
work so well for this high speed switching also are used by Sylvania engineers 
to eliminate production breakdowns caused by relay failures in time delay 
circuits. Many pneumatic time delay relays on their production machines were 
dying young (three months of age or less). CONTROL switching reactors 
(which, naturally, never wear out) not only have no moving parts, but do a 
dandy job with time delay relaying, easily handling 6,000 closures per hour. 
Sylvania happily expects its CONTROL reactors to last twenty years. “Right 
now,” Sylvania says, “we're not too worried about what will happen after 
that.” Need you be any more worried than they? 





LOGIC, MY DEAR WATSON (... is elementary) 


Our educated switching reactors are masters at logic—the kind that gets 
built into automatic control operations. AND, OR, NOT, MEMORY and 
TIME DELAY~all are built into these high IQ reactors. By employing 
several isolated control windings, one reactor can translate many inputs 
(from push buttons, limit switches or other reactors, for instance) to any 
logic needed to switch very appreciable loads. And are they easy to use! 
Order standard units right from the catalog. You need no high falutin’ 
systems engineering or auxiliary hardware (single purpose logic units, 
preamplifiers or transformers). No wonder logical people order our logic- 
providing switching reactors. Can we send complete details to you? 





Reliability begins with CON TROT. 


A DIVISION OF MAGNETICS. INC 


Dept. EM-54, BUTLER, PENNSYLVANIA 
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254 BERGEN BLVD. 


Spotlighting Reliability! 


MICRO-PROCESSED 
BERYLLIUM-COPPER 


aS Ee) od od LO 


Exclusive Design 
Advantages 


1-S micro-processed beryllium 
copper springs, designed into 
control devices, relays, cir- 

cuit breakers, etc., result in 
improved performance and 

lower cost. Their high degree 

of uniformity eliminates the 
necessity of hand adjustment 
during assembly and is your 
guarantee of uniform performance. 





important Electrical 
Advantages 


1-S micro-processed 
beryllium copper springs 
receive laboratory-proven 
heat treatment, therefore 
they car operate at higher 
temperatures and carry more 
current with less temperature rise. 








np. oa Wb a wines b> mie eS 


THE Ideal SPRING MATERIAL 


Beryllium copper is an ideal spring material because of its natural 
inherent characteristics. It is non-magnetic, has the corrosion resist- 
ance of pure copper, high electrical conductivity, high wear resistance 
and a high endurance life. The temperature used to develop spring 
temper also serves to relieve internal stresses remaining from cold 
work. The ability to conform to jigs and holding fixtures during heat- 
treatment makes it particularly well suited for our specially designed, 
patented machines. The wire is placed upon the mandrel in an exact- 
ing manner, strictly in accordance with the engineered design. The 
springs are set to this design by heat-treatment while they are still on 
the mandrel. There is no spring back upon removal from the mandrel 
with the result that the springs are uniform, stable and free from drift. 





=e 





CALL OR WRITE FOR THE I-S CATALOG covering in detail Prswcer 
compression springs, flat springs, strip springs, contact | rrooucr 
rings, contact strips and screw machine products. 


— | 
INSTRUMENT SPECIALTIES CO - INC 
“MICRO- 






LITTLE FALLS, N. J. 


BERYLLIUM COPPER 
Telephone: CLifford 6-3500 
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pages, contains data on welding pro- 
cedures, properties, etc. in 13 tables 
Armco Steel Corp —643 


JEWEL BEARINGS—Bulletin No. 4 is a 


four-page reprint of the index and se- 
| lected pages from a comprehensive, 26- 
| page, 2-color manual (No. 5) prepared 


as an engineering, design and specifica- 
tions guide to jewel bearings and other 
industrial applications of sapphire. 
Bulletin No. 4 contains general infor- 
mation on the properties of industrial 
sapphire and the commercial shapes. 


Aurele M. Gatti, Inc. — 644 


| EXTRUSION AND WIRE COATING 





EQUIPMENT Considerable research 
in the technique of extrusion, particu- 
larly of “Alathon” polyethylene resin 
and “Zytel” nylon resin is reflected in 
the 16-page booklet WC 2, “Extrusion 
for Wire and Cable.” Its contents, com- 
plete with trouble-shooting charts, are 
of broad interest and the material on 
design of tubing and pressure dies 
represents the latest technology. E. I. 
du Pont de Nemours & Co., Inc. —>645 


FANS AND BLOWERS—Packaged fans, 
blowers, and necessary equipment are 
described in 36-page catalog which 
shows which ready-to-use cabinet cool- 
ing panel units for electronic applica- 
McLean Engineering Labora- 

— 646 


tions. 
tories. 


MOLDED FIBER GLASS—New 32-page 
illustrated brochure lists in detail the 
mechanical, electrical and chemical 
properties of molded fiber glass and 
describes the fabricating and finishing 
operations which can be performed on 
this material. Molded Fiber 
Companies. 


Glass 


— 647 


THERMOSTATS — Four - page Bulletin 
8400, in 2 colors, pictures Stemco bi- 
metal thermostat types with condensed 
information on 
ranges, electrical ratings, mountings 
and terminal arrangements and enclo- 
sures. Incorporates a chart for quick 
conversion of deg C to deg F, in 


technical operating 


ranges of from 94 F to +1202 F. 
Stevens Manufacturing Co., Inc. 648 


LOCKNUTS—Bulletin Form 2426, with 
text and photos in four pages, describes 
a new locknut developed for aircraft 
and missile designers. Data include 
graphs of torque vs induced load and 


tension-tension fatigue test results. 
Standard Pressed Steel Co. — 649 


TUBULAR CAPACITORS—Engineering 
Bulletin 2312 describes glass-encased 
tubular capacitors for high-voltage ap- 
plications that employ a dual dielectric 
of polyester plastic-film and paper. 
Type 205P, designed originally for 
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KEEP UP-TO-DATE ON MAGNETICS 





See the air-gap on this new 
lamination for miniaturization 


Look at the air-gaps on this new performance-guaran- 
teed lamination we have developed and are stocking. 


The F-187's fixed air-gap provides constant inductance 


or linear inductance, as needed, because it prevents d-c 
saturation of the stacked core. 

The F-187 46” wide center leg is designed for minia 
turized filter circuits for communication applications. 
It is ideal for carrier equipment, and can be used most 
successfully for microwaye, Computer or other applica- 
tions where frequency control is critical. 


Being an “F" shape, the new standard stacks more easily 
than EI-187, and thus offers welcome savings on the 
production line. There can be advantages to you, too, 


in being able to order any quantity, prototype or pro- 


duction, directly from stock 

lhere’s more detailed information on this new member 
of Magnetics, Inc. family of “Performance-Guaranteed” 
laminations—and all of our other standard laminations. 
Just write—Magnetics, Inc., Dept. ¢y-49, Butler, Pa. 


MAGNETICS inc. 
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military electronic equipment, is most 
often used to, solve corona problems in 
airborne electronics, but finds applica- 
tion in ground equipment. Four pages, 
illustrated, with electrical and perfor- 
table of 
Sprague 


— 650 


mance characteristics and 
standard ratings and sizes. 


Electric Co. 


POWER SUPPLIES—Data Sheet DC270 
“RC - Nobatron 
which consist essentially of a variable 
rectifier and filter 


— 651 


describes Rangers” 
autotransformer, 
circuit. Sorensen & Co., Inc. 


FLEXIBLE GEAR COUPLINGS — Four 
page folder describes the new “Nyflex” 
flexible gear coupling with a nylon 
sleeve and includes tabular data cov- 
ering hp, speed ranges and bore sizes. 


Sier-Bath Gear & Pump Co. — 652 


WIRE STRIPPING TOOL - 
available of tool which strips nylon 
sheathing from plated copper-braid 
wire (Spec. MIL-W-16878C) 
scoring the braid. The angle of the 
cutting blades and the slot in the wire 


Drawing 
without 


guide induce a spiral motion in the 
wire. Cuts in braid release tension in 
the nylon, thus permitting it to be 
peeled off easily. Stavid Engineering. 


Inc. — 653 


Molded Rubber 
means 
Reliability 


THIN-SECTION INSTRUMENT BEAR- 
INGS—-A complete line of thin-section 
ball bearings is described in 24-page 
Catalog 59 which includes the Midget 
T series to extend the size range of the 
T series into that between miniature 
and conventional inch-series bearings. 
Engineering data with several pages 
devoted to typical applications. Split 
Ballbearing, Div. of MPB, Inc. —>654 


PAPER-BASE LAMINATE—Engineering 
bulletin gives properties of Grade EP- 
22, paper-base, epoxy resin laminate 
designed for printed circuit and other 
electronic applications. Synthane Corp- 
oration. — 655 
SOCKET SCREW PRODUCTS—New 28- 
page illustrated Catalog 23 lists socket 
shoulder button 
heads and dowel pins and the expanded 
line of Setko “Perfect-Hole” cold 
forged socket head cap screws. In- 


screws, flat heads, 


cludes a self-locking set screw selector 
chart of over 1000 combinations of 
metals, locking action, points and sug- 
gested applications. Set Screw & Mfg. 


Co. — 656 


EXTRUDED TEFLON-—Bulletin 158 de- 
scribes enlarged range of Teflon tube 
sizes (over 1,000) and other extru- 
sions—rods, coaxial cable cores (MIL- 


12” diameter WILBOW 
sealing rings (left) meet 
special requirements for 


high 


capacity VAC-U- 


LIFT material handling 


equipment 
Amazing VAC-U-LIFT equipment handles 10 ton 
loads with air alone. To meet an unusually rigid 
combination of seal requirements . 
abrasion resistance and flexibility . . 


. . high strength, 
. the designers 


(above). 


called on WILBOW and got the sealing rings they 


needed, combining unprecedented performance re- 
liability with long wear life. WILBOW specializes 
in meeting special molded rubber needs with a full 
line of compounds including the latest synthetic, 


natural and silicone polymers. Tell us of your me- 
chanical rubber parts requirements, or send for 


WILBOW catalog. We will be 
pleased to work with you. 


Gi’ 


The WILLIAMS-BOWMAN RUBBER Co. 


1953 South 54th Avenue * Cicero 50, Illinois * (Chicago Suburb) 
Mfrs. of molded, punched, extruded and cut rubber goods. Specialists in pro- 
ducing rubber covered rolls, silicone rubber parts and bonding rubber to metal 
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C17B) and aircraft and industrial hose 
liners. Surf Chemical Co., an affiliate 
of Driver-Harris Co. —> 657 


MOTOR-GENERATOR SETS —— Six-page 
Bulletin 307 describes 400-cycle power 
packages, incorporating unit-mounted 
motor, inductor-alternator and controls 
with construction data, operating in- 
formation, dimensions and weights on 
output ratings from 11% to 10 kw units. 
Safety Industries, Inc. — 658 


TOGGLE AND TRIGGER SWITCHES 
Catalog $106 lists 200 


models of toggle and trigger switches. 


Eight-page 


Ten of the switch series are treated in 
detail with dimensional outlines, illus- 
trations, electrical and mechanical spe- 
cifications and 
Electric Corp. 


applications. Sargent 


— 659 


LAMINATED PLASTICS Revised 12 
page catalog 20.000.13 illustrates uses 
of Insurok laminates in electrical, elec- 
tronic, mechanical, textile, chemical, 
aviation and transportation applications 
with tables of properties for various 
grades and detailed information on 
their fabrication. Richardson Co.—>660 


VARIABLE SPEED DRIVE——Fight-page, 
two-color booklet M-588 describes the 


new Reeves “Sanitary-Type” Vari- 


ELECTRICAL COIL WINDINGS 


stolelelia 
Paper Interleave 


Cotton Interweave 
Form Wound 
High Temperature 


Send us your coil 
specifications for quotation. 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street « Winsted, Conn, 
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for Quality that a 
goes more than oe , me rn 


Cast lron Fitting— 
Protection is Only 


skin deep. oe 3 g c 3 Skin Deep. 


INSIST 
ON 


titra 4 


ALUMINUM ™ decrees ie 


Protection Clear Through. 


CONDUIT 
FITTINGS | Se 


shows you why a coating or plating is only temporary 

protection at best. Regardless of how well and how 

Weatherability and durability are cast carefully applied, this surface requires only the slight- 
right into every Killark Electrolet—not just on est scratch or nick to open the door to expensive rust 


the surface. and corrosion. 


You can specify with complete confi- The Killark Electrolet is solid aluminum, alloyed with 
dence, because Killark Electrolets are de- other metals to give strength and ductility . . . it can’t 
signed for extra strength at points of stress, ever rust and has much more resistance to corrosion. 
and made of an alloy that scientifically bal- 
ances lightweightness with strength. 


Killark manufactures a complete line of 
UL and CSA approved Explosion-Proof, Vapor- 
Proof and Dust-Tight fittings and fixtures. 


Write for the Killark Catalog of 
Electrical Fittings 
and Fixtures 


c ELECTRIC MANUFACTURING CO. 


u——_—_ Vandeventer and Easton Aves. Sf. Louis 13, Mo. 
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Speed Motodrive, and explains how its 
design features fulfill the sanitary re- 
quirements of food and allied machi- 
nery drive applications. Also includes 
condensed drive specifications, assem- 
blies and dimensions. Reeves Pulley 
Co., Div. of Reliance Electric & Engi- 
neering Co. — 661 


TRANSFORMERS —Hermetically sealed, 
transistor drive, output and power sup- 
ply transformers are listed in 4-page 
bulletin, also d-c to a-c converter and 
chopper and input transformers. Micro- 
tran Company, Inc. — 662 


GEARED SHADED-POLE MOTORS—_II- 
lustrated flyer describes new gear type 
shaded-pole torquemotor with physical 
and rating data (10-30 in.-oz torque 
at 10 rpm). Multi Products Co. —>663 


THERMOSTAT METALS Technical 
data bulletin TRU-8, 4 pages, provides 
graphical solution on Truflex thermo- 
stat metal types, their thermal deflec- 
tions, mechanical and restrained forces. 
Metals & Controls Corp., General Plate 
Div. —» 664 


LIMIT SWITCHES—Sixteen-page Cata- 
log 84 lists three types of Micro Switch 
heavy-duty limit switches for industrial 


uses: plug-in “200LS” series; compact 


“LS” series; and rugged “ML” switch- 
es, available in regular or explosion- 
proof types. Switches with a variety 
of contact arrangements, for either d-c 
or a-c applications and several actu- 
ator designs in each switch type are 
illustrated. Micro Switch. —> 665 


VOLTMETER INVERTER—Low-voltage 
readings in microvolt ranges by means 
of a new precision chopper inverter 
are described in 9-page brochure “Low 
Level D-C 
instrumentation and circuit design ap- 
plications. Microdyne. — 666 


Measurements,” detailing 


CARBON-GRAPHITE—Informative _ref- 
erence on the composition, qualities 
and applications of carbon-graphite is 
an 8-page brochure with charts and 
tables of data and characteristics. A 
specification checklist is included. The 
Ohio Carbon Co. — 667 


IMPULSE COUNTERS Illustrated 30- 
page catalog lists Elmeg electromag- 
netic impulse counters in reading and 
printing types designed for d-c opera- 
tion up to 60 volts. Presin Co. — 668 


ELECTROMECHANICAL—Four-page 2- 
color brochure describes and illustrates 
line of precision components for com- 


puters, instruments, and control systems 


Called “TOPS” By Every User! 


STILL-MAN 
ELECTRIC TUBULAR 
HEATING ELEMENTS 


*& TOP -PERFORMERS 
* TOP QUALITY 
%* TOP WORKMANSHIP 


at LOW COST TO YOU! 





Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 


in design. 


O 


storage. 


engineered to high military and com- 
mercial standard and provides detailed 
specifications and performance data on 
cams, synchros, mechanical differen- 
tials, Oldham couplings and 10-watt 
low-inertia servo motors. Ford Instru- 
ment Co., Div. of Sperry Rand. —>669 


INTERVAL TIMERS—Bulletin 400 is a 
4-page folder describing and illustrat- 
ing synchronous motor-driven interval 
timers in five series. Series PAB, P and 
M are energized by a momentary con- 
tact and automatically reset at comple- 
tion of time cycle. Series RS and S are 
manually reset. Industrial Timer Corp- 
oration. — 670 
CHOPPERS —The first of a 
new pamphlets on choppers is entitled 
“The Contact Modulator.” This series 
will replace Bulletin 103. Part I: “Why 
Use Choppers?”, a 24-page booklet, 
contains illustrations, schematics, lists 
of chopper styles and mounting dimen- 
— 671 


series of 


sions. Airpax Products Co. 


COBALT Five-page publication in 
cludes general information on cobalt, 
properties, 


electrical and magnetic 


mechanical properties, high-tempera- 


ture properties, transformations, dif- 
fusion, solubilities of oxygen in cobalt, 
and hot hardness. Also included are 


Adjustable metal sleeve guard oper- 
ates on chuck principle—can be locked 
at desired point to permit use of 
knife as depth cutting tool. Extended 

all the way, the guard covers the 
complete 
safety in handling, carrying and 


No. 2-G—Safety- 
Guard Knife shown 
fully closed. Note 
blade safely tucked 
into guard sleeve. 


Knives available in 2 sizes: 


No. 2-G 1/2” dia. $1.50 
No. 1-G 7/16" dia. $1.20 
(No. 1-G not shown) 
Order sample direct or 
from regular supplier. 
*Pat. Pend. 


Millions are now in use as standard equipment in 
America's leading nationally advertised electrical 
appliances. 

Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters tor 
casting-in or immersion use. When writing, specify x-act 
use, wattage and maximum temperature requite- cto 

ments. An inquiry, NOW, will prove profitable to INDUSTRIAL 
youl CUTTING 


SURGICALLY-SHARP INTERCHANGEABLE BLADES. 
Many shapes available for hundreds 
of cutting, trimming and 
>) slicing operations. ° 


0 - w 
“ / " | \ 
" 


Catalog of complete X-acto line on request 


HANDICRAFT TOOLS, INC 


a division of X-ACTO, INC. 


48-41L Van Dam St. L. 1. C. 1, N. Y. 


STILL-MAN MANUFACTURING CORP. 
431 EAST 164 ST., NEW YORK 56, N.Y. 
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The strong SCOTCH No. 27 Glass Cloth Electrical 


Tape sas in this mercury lamp stabilizer 


transformer coil 
It insures trouble-free operation under 


rugged conditions for a minimum of 20 years. 


Annual insulation cost: 6/106! eS 


Can you afford less than the best? Get 


SCOTCH 


BRAND 


Electrical Tapes 


For complete information on “Scotcn’”’ BRAND No. 27 Glass Cloth Electrical 
Tape, write on your letterhead to 3M Co., St. Paul 6, Minn., Dept. BY-29. 





TWMiienesora Miaine AND PManuracrurine COMPANY ta a 
VY 
... WHERE RESEARCH IS THE KEY TO TOMORROW SS yy 
>; (ho 
D> 133- <S 
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data on 99.6 per cent pure cobalt 


ultimate tensile strength, elongation, 
reduction of area, elastic modulus vs 
temperature, etc. Cobalt 


Center, Battelle Institute. 


Information 
—672 


PANCAKE MOTOR 
trated Bulletin 2150 presents engineer- 


Four-page illus- 


drip-proof 


reduces 


ing information on new 

motor that 

length up to 54 per cent over standard 
gth uy | 


pancake motor 
motors. A cutaway drawing shows how 
radial air-gap motor achieves its short 
length through formed end coils and 
bracket. 
Motor is offered in ratings from 1 to 
Allis Co. —>+673 


a one-piece housing-bearing 


15 hp. The Louis 


CONNECTORS ~~ Thirty 
and panel connectors, printed circuit 
high-volt- 
age multi-pin-coax combinations, her- 


types of rack 


types, special high-current, 
metically sealed connectors and othe 
varieties are detailed in 24-page catalog 
with illustrations and engineering data. 
Custom design and production accom- 
Anton 
— 674 


modations are also described. 
Electronics Laboratories, Inc. 


ELFCTRONIC COMPONENTS AND IN- 
STRUMENTS 


er of electronic components and instru- 


Short-form catalog fold- 


ments contains condensed descriptive 


information and applications data on 


Nixie indicator 
tubes, decade counters, pulse control 


beam switching tubes, 


instruments, optimeters, beamplexers 
and visual decoders and a complete 
listing of more than 20 items of avail- 
able literature. Burroughs Corp., Elec- 


tronic Tube Div. — 675 


NAMEPLATES page Bulletin 
177-A, which supersedes Bulletin 177, 
describes four self-bonding methods of 


Four 


anodized 
product identification and 
application of Quik-Plates to different 
types 


applying aluminum name- 


plates for 
of surfaces, time, 
specifications 


application 
MIL 
and tools available for production-line 
application. W. H. Brady Co. — 676 


serial numbering, 


POTENTIOMETERS 


tion Summary No. 4 summarizes key 


Bourns Specifica- 


Trimit 
lead-screw actuated potentiometers. De- 


information on Trimpot and 
signed for quick reference, this illus- 
trated 
specification table listing available re- 


1-page brochure features a 
sistances, terminal types, end settings, 
power ratings, operating temperatures, 
and dimensions of the more popular 
models. Bourns Laboratories — 677 
CERAMIC MATERIALS—-Design hand- 
book and manufacturer’s catalog of 16 
pages is intended to enable designers to 


Aiet SAMPLES 


aa = PLASTIC 
CLAMPS 


TEST ‘EM AT 


OUR EXPENSE AND 
SEE WHY THERE'S 
MILLIONS IN USE! 


Available in 


* Nylon 
@ Ethy! Cellulose 


( ~e > 
FOR SINGLE WIRE 
2H 

[ 1 NAME 


@ Saran 


+ 3 5 
> 


4 
6 


Send Samples of PLASTIC CLAMPS 





FOR FLAT 


TWIN LEAD-IN FIRM 





STREET. 





CITY 





ms —— HOLUB INDUSTRIES, Inc. 


ee 


445 Elm St., Sycamore, Ill. 
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determine which engineered ceramics 
are best suited for existing applications 
or for new which require 
unique electrical and mechanical prop- 
erties. Catalog also describes mechan- 
ical, electrical and environmental 
characteristics of engineered ceramics 
and lists advantages and disadvantages 
of various fabricating techniques. Spe- 
cial sections discuss applications of 
high aluminas and steatite. Metallizing 
of ceramics, design of ceramic parts 
and utilization of standard extruded 
shapes are among the other topics cov- 
ered. Centralab, A Div. of Globe-Union 
Inc. — 678 


devices 


CAPACITORS—Catalog describes Type 
AS, high voltage, Teflon types TS and 
TC and polystyrene types PS, PC and 
PES capacitors. Case styles and ratings 
are fully detailed in eight pages. Day- 
mar Electronic Specialties. —»679 


TERMINAL BOARDS 


fications, outline dimensions and gen- 


Complete speci 


eral information on Series MT terminal 
boards are given in a new, illustrated 
bulletin. This series is available with 
four or eight turret terminals molded 
directly into the body material. Mold- 
ing compounds include mineral-filled 
Melamine, glass-reinforced Plaskon or 
diallyl phthalate, and mineral-filled di- 


KURMAN RELAYS 


to serve you better... 


LEADING 
DISTRIBUTORS 
FROM COAST 

TO COAST 


now carry the entire line of 


KURMAN 
RELAYS 


@ IMMEDIATE DELIVERY FROM STOCK 
@ FACTORY PRICES 


Send for complete catalog 


KURMAN 
ELECTRIC CO. 


DIVISION OF NORBUTE CORP. 
Quality Relays Since 1928 


191 Newel Street 
Brooklyn 22, N.Y. 
Export: 135 Liberty St., N. Y 
Cable: TRILRUSH 
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GLOBE BASIC A.C. MOTOR PACKAGES 


TYPE SC 


60- 400= or vanable frequency 49 standard gear ratios 
from 2.56:1 to 36,873:1 





1, 2 of 2 phase 
Faas tunis clutches, brakes and 

‘ ; utch brakes available 
induction or 


hysteresis synchronous 





TYPE MC 

60+ 4006 or vanable frequency 129 standard gear ratos 
from 2.56.1 to 46,6561 
clutches, brakes and 


stch brakes available 


TYPE FC 
400 or variable frequency 102 standard gear ratios 
m 4.1 to 3,000.000.1 








ht angie gear units 
lutches 
tch brakes available 


ar 


GLOBE A.C. MOTORS / GEAR 


in precision miniature motors, gear reducers, and 
small-package devices using clutches, brakes, 
and other components, Globe Industries has the 
hardware to meet your requirement. From a 
single source you can get fast 2 to 4 week pro- 
totype delivery of standard units. Modular 
design, interchangeable precision parts, and an 
efficient special order department are specific, 
unique reasons why you get what you need be- 
fore your design grows cold. 


Three basic A.C. motors are shown above. 
With their integral gear reducers they reliably 
span the torque range to more than 2000 in. 
oz. Custom modifications are a specialty. 

Globe motor packages were chosen for the 
Army's Jupiter C, and as you read this, at least 
one such package is circling the earth. Ask the 
largest precision miniature motor manufacturer 
first. Request the Globe A.C. Motor Catalog now 
GLOBE INDUSTRIES, INC., 1784 Stanley Avenue, 
Dayton 4, Ohio. BAldwin 2-3741. 
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ally! phthalate. DeJur-Amsco Corpora- 
tion. — 680 


MINIATURE CIRCUIT BREAKERS 

Data Sheet describes and _ illustrates 
Model 45-700.00-P circuit breakers for 
fhp motor loads and includes electrical 
data, ratings and time vs current char- 
acteristics. E-T-A Products Co. of 
America. — 661 


R-F CHOKE COILS Technical data 
sheet contains a detailed description 
of the electrical parameters for the 
complete line of Essex chokes and lists 
parameters for 123 different units with 
inductance values from 0.1 ph to 10 
mh. The units shown include the logar- 
ithmic as well as the preferred series. 
Essex Electronics. — 682 
PULSE GENERATORS — Short Form 
Catalog 1958-59 is a four-page two- 
illustrated brochure covering 
specifications and prices for a line of 


{ olor 


pulse generators, block units for spe- 


cial purpose pulse instrumentation, 
magnetic core testing equipment and 
Electro-Pulse, In- 


— > 683 


electronic counters. 


corporated., 


SURFACE COATINGS — New 12-page 
brochure describing Eccocoat surface 
coatings contains individual technical 


ELECTRICAL ¢ 


bulletins describing each of the com- 
pany’s products. Included is informa- 
tion on dip, brush, spray and dust 
coatings. Rigid. flexible, high tempera- 
ture and low loss systems are repre- 
sented. The coatings are used for com- 
ponent protection, printed circuit 
boards, hermetic sealing and for gen- 
eral purpose application. Emerson & 
Cuming, Inc. — 684 


GERMANIUM DIODES — Bulletin 158 
describes gold-bonded germanium di- 
odes and lists many types for general 
purpose and computer use, and special 
computer types with ten specified char- 
acteristics. Features a new classifica- 
tion system for ease in selection by 
number and value of characteristics. 


Ohmite Mfg. Co. —>685 


V-BELT DRIVES — Twelve-page_illus- 
trated manual, “How to Get Longer 
Life from V-Belt Drives,” tells how to 
select and install V-belts, how to detect 
V-belt trouble, diagnose belt failures, 
correct drive troubles. A list of valu- 
able tips for proper V-belt maintenance 
is included, as well as a suggested in- 
ventory survey check list for V-belt 
drives. B. F. Goodrich. — 686 


INSTRUMENTS AND SYSTEMS-—Fn- 
titled “Measurements and Controls,” 





PORCELAIN 


AS AND WHEN YOU WANT IT 







available, 


atmospheres. 


the 4-page illustrated brochure high- 
lights instruments for shock, vibration. 
pressure, inertial control, temperature 
and other devices for use as single com- 
ponents or in complete systems. In- 
cluded in description are transducers. 
amplifiers, cables and connectors, vi- 
brators, interferometers, strain gauges, 
accelerometers, temperature probes and 
miniature airborne recorders. Gulton 
Gulton Indus- 

— 687 


Instrumentation Div., 
tries, Inc. 


FIBERGLAS ELECTRICAL TAPES—Pock- 
et data book provides technical and 
comparative cost information on the 
Hesgon line of Fiberglas electrical 
tapes. Points out how Fiberglas tapes 
offer manufacturers of electrical equip- 
ment a strong, highly flexible, inorganic, 
high temperature, moisture and chem- 
ical resistant insulating material. Hor- 
ace Linton Div., Hess, Goldsmith & 
Co., Inc. — 688 


ISOMETRIC GEAR GUIDE—Offered is 
this underlay drawing aid with a rack 
and 21 spur gear faces having 6 to 48 
simplified teeth in isometric projection. 
Four diametral pitches—8, 12, 16 and 
24. Tooth form based on rack of the 
American Standard 20 deg involute 
Designed for spur, helical. 
bevel, internal, herringbone and worm 


system. 


45 reasons why 


you should specify 
T&B Sta-kon Terminals 





HIGH CONDUCTIVITY... Pure electrolytic cop- 
per tongue. Long stake mark assures large 
contact area for low resistance and low volt- 

age drop. 

TIGHT, SURE CONNECTIONS... Serrated tongue and 
/ barrel never relax grip on cable. Once staked 
y T&B Sta-kon Terminals are on to stay. 

/ EASY TO INSTALL...without flame, heat or flux. 
A T&B Shure-Stake hand tool is all you need 
to stake terminal to cable...bench tools also 


CORROSION RESISTANT... Cable and barrel are com- 
pressed into a solid mass. There are no voids to 
/ permit interior attack from corrosive agents or 
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Send drawings and specifications to 


AKRON PORCELAIN CO. 


2723 CORY AVE., AKRON 14, OHIO 
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AVAILABLE IN A COMPLETE LINE... Including “specials”. 
Wire sizes 22 to 4/0. Varied tongue styles and stud 
sizes, with and without insulation. 

For information on the complete line of T & B Sta-kon ter- 
minals send for your FREE copy of T & B Bulletin +61 today. 


T 321 







THE THOMAS & BETTS CO. 


INCORPORATED 
28 Butler Street, Elizabeth 1, New Jersey 
THOMAS & BETTS LTD., MONTREAL, P. @., CANADA 
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LEADERSHIP IN AUTOMATIC CONTROLS FOR HEATING e COOLING e REFRIGERATION e APPLIANCES 
















Precision temperature controls to match the 


needs of imaginative planners 


™ Manufacturers of modern appliances and of heating, 


ey 


cooling and refrigeration equipment are constantly 
working with White-Rodgers to perfect the performance 
of today’s products...and to blueprint tomorrow's. 


That’s because Control is the very heart of product 


performance...and Control is our business. 


t Through imaginative engineering and volume production 
* en : to match that of progressive original equipment 

» . manufacturers, White-Rodgers has earned its reputation 
for precision temperature controls. We believe our 
business can help your business progress. 
~ , \. \Oh Be. PE We'd dike t© talk with you abaut your present needs... 
\ = ss | ' =, \ -s and fut plans. Write to Russell B. Sherer, vice president. 

‘a he Kj ~ An area, engineer is at your gertine. 







- 









precision temperature 


WHITEV,RODGERS 


St. Louis 6, Missouri + Toronto 8, Canada 


controls for what's 






doing today and 


coming tomorrow. 
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gears; also worms, racks, splines, 
ratchets, sprockets. Graphicraft. —>689 


v7] oft the 3 rae INTERFEROMETERS AND DILATOME- 


TERS—Eight-page brochure 140-58 de- 

& scribes line of dilatation interferometers 
leading and quartz tube dilatometers. Outlines 
theory of dilatation measurements and 


” : . gee . 
Sf U e t discusses the use of the dilati n inter- 
in r m n fandnaiaies (for Ssscidelnn ie 
manufacturers 









of thermal expansion of small samples 
at temperatures up to 1000 C) and 
the quartz-tube dilatometer (for de- 
termining coefficients of thermal ex- 
pansion using a dial gage). Gaertner 
Scientific Corp. — 690 


POLARIZED RELAYS—Bulletin P78 de- 
scribes Series P polarized relays for 
electronic and communications appli- . 
cations. Relays are designed to handle 
500 pps, although under some con- 
ditions they will handle over 1000 pps. 


The Hart Manufacturing Co. 691 . 
SUBMERSIBLE WET WINDING MOTORS 
—Bulletin GEA-6883 describes sub- 
mersible wet winding motors designed 
to run under water even with insulation 
and bearings immersed. Utilize irradi- 
ated polyethylene insulation and are 
rated from 100 to 500 hp. Cutaway di- 
agram, rating chart and dimensions 
Es are provided. General Electric. —>692 
( 
SERVO-MOUNTING POTENTIOMETERS 
‘ Four-page data sheet 1362 describes 
Why the heavy preference for Holtzer-Cabot motors? In a word — Series 5200 potentiometers and includes 
reliability! For they’ve proven themselves again and again in the most complete electrical, mechanical and 
critical applications, dependability being a prime consideration in environmental specifications, as well as 
process control instruments, medical instruments and communication coil data, power input chart and dimen- 
equipment. Shipments from stock on standard motors. Prompt delivery sional drawings. Helipot Div. of Beck- 
on special motors to your specifications. man Instruments, Inc. ->693 
R-24— Instrument Control Motors. Typical uses of this 2-phase induc- CERAMIC-TYPE INSULATED WIRE 
tion motor are in servo systems, as the balancing motor in recording Technical bulletin describes Cerama- 
instruments, and in other applications requiring fast response and control. temp, a ready-to-use, flexible, ceramic- 
R- 25—Synchronous and Induction Capacitor Motors. Used in timing, ype exonerrian a Laas a 
recording, dictating, transcribing and small power applications. Available wend Ph parece ish Mes i 
. : : > : ° : yulletin contains des« riptive informa 
with standard speeds from 14 to 3600 R.P.M. Special designs available tion, application and handling charac- 
for extra high torque, extreme temperature conditions, dynamic braking teristics, charts and graphs pointing 
and quick reversing. up mechanical and electrical properties. 
R-29 — Synchronous and Induction Capacitor Motors. Ideal power Hitemp Wires, Inc. ais 
source for high speed chart drive applications and other higher torque OIL-LESS BEARINGS. BUSHINGS AND : 


applications. Available in both 2-pole and 4-pole design, with H.P. 


MACHINE PARTS— Illustrated 72-page 
range of 1/75 to 1/30. 


catalog on Graphex, Coprex and 
Woodex oil-less and_ self-lubricating 
bearings, bushings and machine parts 
is a useful reference guide for sintered 
For more information, write, Sales — Service Representatives in Principal metal parts and includes a group of 
‘eppnethenteeanaaimeatiataae detailed full color and black and white 


microphotographs illustrating metal 


or use Readers’ Service Card. 
structures in various stages of develop- 
HOLTZER-CABOT MOTO R DIVISION aaa sith an extensive bibliography 


N AT | 0 N A L b N E U M A T | C C 0 ‘, | N : 2 section listing hundreds of books and 


articles on powder metallurgy. Wake- 


125 Amory Street, Boston, Massachusetts field Bearing Corp. 695 
Designers and manufacturers of mechanical, pneumatic, hydraulic, TEST EQUIPMENT FOR SERVO COM- 
electric and electronic equipment and systems PONENTS Catalog comprising five 
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SILICONE 
RUBBER INSULATED WIRES 
_ BY ROCKBESTOS OFFER YOU: 


Excellent dielectric strength — electrical properties remain constant from 
—130°F to +500°F. 


High heat resistance — better than any type rubber insulation. Long service life in 
temperatures to 125°C (power cables) and 200°C (other applications). 


Excellent moisture resistance — unrestricted applications in wet or dry locations 
— equal to the best grades of rubber. No lead sheath required. 


Greater ozone resistance than the best grades of rubber insulated cables. 


Excellent resistance to chemical attack — being chemically inert, silicone rubber 
insulations resist effects of lubricating oils and most corrosive atmospheres. 


Long life — excellent resistance to weathering and aging. 





















MOTOR LEAD and APPARATUS WIRES 


For leads to motors, transformers, etc., requiring a flexi- 
ble wire in high temperature locations or applications. 





ah, 
Lo 








HEATING CABLES and DEFROSTING 


WIRES 
APPLIANCE and FIXTURE WIRES 


Heating cables are ideal for use in pipe heating, surface 
For use in wiring high wattage units when operating tem- heating, roof de-icing and soil heating. 
° peratures reach 150°C and 200°C. Lighting fixtures, 


clothes dryers, electronic equipment, stoves, water 


Defroster wires being odorless and tasteless are perfect 
for use as rapid defroster heating element in electric 
heaters, ovens, therapeutic devices, space heaters are refrigerators and freezers. 
among the many products for which these wires are 


recommended. 






ROCKBESTOS PRODUCTS CORPORATION, NEW HAVEN 4, CONNECTICUT 
NEW YORK «+ CLEVELAND «+ DETROIT +* CHICAGO « PITTSBURGH «+ ST. LOUIS « ATLANTA 
DALLAS «+ SEATTLE *« LOS ANGELES + BURLINGAME, CALIFORNIA 


ROCKBESTOS 











For complete details on Rockbestos Silicone Rubber Insulated Wires and Cables send for Catalog SR58. 
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“he 
TIMER RELAY 
that handles all 


controlled timing 
problems... 


% No false contacts 

% Non sticking 

% Practically “fail safe” 
% Low cost timer 


Durakool 


STEEL MERCURY TIMERS 






COIL 
ENERGIZED 








This steel clad, factory set, tamper 
proof Durakool timer-relay is prac- 
tically non-breakable. Operating life 
multiplied 5 to 6 times by new 
plunger construction features. Com- 
binations of operate-release time de- 
lays from 0.15 sec. to 20 sec.—either 
normally open or normally closed 
action, 


COIL 
DE-ENERGIZED 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 
Circle 193 on page 17 





The accuracy, uniformity and toughness 


of Wisconsin Porcelain Co.’s ceramics 
gives you a closer fit, speeds assembling 
and reduces production costs. These ad- 
vantages make Wisconsin ceramics 
especially suited to automatic and semi- 
automatic assembly processes. 


recision 
made 


eramics 


And their superior physical character- 
istics give you best results for permanent 
electrical insulation. 


If your components call for porcelain, 
refractory, steatite or filter body parts — 
send us a sample or blueprint and tell us 
your requirements. We will be glad to 
quote prices and delivery. 


—that help 
to simplify 
your 
Production 
Problems 


Serving Electrical and Electroni¢e 
Industries since 1919. 


WISCONSIN 
PORCELAIN ([) COMPANY 


115 Market St. 
Sun Prairie, Wisconsin 





a 
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technical bulletins, 36 pages, describes 
theory and method of synchro and 
resolver testing with illustrations and 
data on phase generators, dial assem- 
bly, angular divider, bridges and test 
sets. Theta Instrument Corp. -—>696 


RUBBER SEALING PRODUCTS Cata- 
log, 32 pages, lists products of high- 
rubber com- 
pound SR 270-70. O-rings, diaphragms 
and gaskets, etc., with illustrated data 
on the use of SR 270-70 for sealing de- 
Stillman Rubber Co. —> 697 


temperature synthetic 


vices. 


RETAINING RINGS 
58, in 24 pages, 
trates currently 
rings, pliers and 
includes 


-Catalog RR 10- 
describes and _ illus- 
available retaining 
assembly tools and 
“selector guides” to the com- 
pany’s 20 standard ring series and 30 
representative “special” rings designed 
for individual customer requirements. 
Applications are grooved according to 
Waldes Kohinoor, In- 
—> 698 


ring function. 


corporated. 


STRIP HEATERS—Bulletin F-1613, four 
describes Chromalox electric 
strip heaters with 32 illustrations and 
typical applications of 
straight and curved elements to a wide 
range of equipment sizes and shapes 


pages, 


examples of 


and a chart outlining sizes, wattages. 
sheaths and special features available. 
Edwin L. Wiegand Lo. — 699 


Manufacturers’ 
Publications 


For these selected publications on mate- 
technical data and 
engineering services, write direct to the 


rials, components, 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


WIRE AND CABLE—Monthly appoint- 
ment booklet-desk calendar (834 x 7 
in. in size) provides in the back consid- 
erable data allowable current- 
carrying capacities of wire and cable, 
number of conductors in conduit or 
tubing, load tables (full-load 
current), properties of copper conduc- 


on: 


motor 


tors, temperature ratings of flexible 
cord and fixture wire and electrical 


conventions and shows during 1959. 
Copies of the calendar may be pro- 
cured by writing to Hatfield Wire and 
Cable Div., Continental Copper & Steel 


Industries, Inc., Hillside, N. J. 





Posteard return cards are provided on 
page 17 as a convenience to the reader 
in obtaining further information on 
¢ New Components and Materials 
e Literature for the Design Engineer 
¢ Feature Article Reprints 
¢ Advertised Products 
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HETHERINGTON 


SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 





LIMIT SWITCHES 


for Heavy Current Jobs 





D200 w100 
SERIES SERIES 


For heavy-duty limit or positioning 
applications, Hetherington offers a 
variety of special switches with rat- 
ings from 10 to 35 amperes. 

Pushbutton types, such as the 
slim, 9/16” diameter “W100” Series 
or the 35-amp “D200” Series, fea- 
ture short, unusually sturdy plung- 
ers that afford positive direct opera- 
tion in minimum space. Threaded 
aluminum bushings provide easy 
mounting and positioning. 

Where switches must operate 
against sliding surfaces, the cam- 
operated ‘“D7000” Series proves 


ideal for many applications. Flush 
Circle 


195 on page 





For Lamp Circuits that 


MUST NOT FAIL 


Lamp burn-outs and circuit failures 
can present real hazards in critical 
warning light applications. To mini- 
mize the danger, the Hetherington 
L3000 Series allows the lamp and its 
circuit to be checked at any time 
merely by pressing on the spring- 
mounted plastic lens. 

An anodized aluminum case seals 
the L3000 against dust, while a rubber 


“O” ring and silicone boot fully mois- 
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7& 


D7000 SERIES 


mounting, and only 2-27/64” long 
by 3/4” square, this small switch 
has a polished stainless steel cam 
which retracts within 1/32” of the 
switch body. Over-travel is 9/32” 
minimum. 

Like most Hetherington prod- 
ucts, Limit Switches use Hether- 
ington’s tease-proof, double-break, 
snap-action mechanism. A variety 
of single-pole contact arrangements 
are available on each type. Switch 
mechanisms are effectively sealed 
against dust and moisture by in- 
tegral anodized aluminum hous- 
ings. Cases are especially rigid 
to withstand severe service. 








tureproof the lens and _ plunger. 
Highly reliable AN3140 lamps used 
in the L3000 series add still further to 
the dependability. 

Details on the L3000 line are in 
Hetherington Bulletin L-la. Small 
quantities of Type L3000R (red lens, 
28v) are stocked by many leading 
electronic parts distributors. 
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HETHERINGTON INC. DELMARDRIVE, FOLCROFT, PA. + 139 Illinois St., El Segundo, Calif. 


SCREWDRIVER- 
OPERATED 
ROTARY 


Simplifies Circuit Testing 


A 





Y 


An aircraft equipment manufacturer 
needed a small, yet high current 
switch that could be concealed for 
use only during installation or routine 
maintenance testing of his equipment. 
The answer was the Hetherington 
Type R1043—a screwdriver-operated 
version of the popular R1000 Series 
Rotary Switch. 


Accessible, yet readily hidden be- 
hind the chassis, the R1043 allowed 
easy circuit transfer from “Operate” 
to “Test” with far greater reliability 
than the space-consuming, jumper- 
type test fittings previously used. 


Only %,” in diameter, the R1043 
rotary switch breaks 20 amps (resis- 
tive) at 28v de. In spite of its size, 
the positive snap-action assures ade- 
quate leverage to break contact weld- 
ing from overloads. 


No bulletin is available on the 
R1043, but dimensions, ratings and 
contact data will gladly be sent. 

Circle 197 on page 17 








IN LARGER FACILITIES TO SERVE YOU BETTER 


FAST, 
STOCK DELIVERIES 


...~ from local Parts Distributors 


In many areas you can now get im- 
mediate delivery of most popular 
Hetherington products ... and at 
factory prices for less than 50 pieces. 

For the name of your nearest elec- 
tronic parts distributor and bulletins 
of the Hetherington products he car- 
ries, write directly to: Distributor’s 
Div., Hetherington Inc., 26 Ritten- 
house Place, Ardmore, Pa. 
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A Controls Company of America Subsidiary 


193 





iva 


wee feu [Uwe 


rPryer FF 





O 








FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages |7 and 19. 








Ne sar 


Components 
and Materials 


A staff compilation of the latest developments 


screened for 


design-in use in electrically operated end products . . . complete 
with all released specifications and available application data. 





EPOXY COMPOUNDS 
AND CEMENT 


Single-component epoxy encapsulating 
systems, Hysol 6700 Series, are ready to 
addition of hardening 
agents, offer extended stability at room 
temperature. Meet MIL-T-27B require- 
ments. Both filled and unfilled systems 
are available, offering several 


use without 


degrees 





resistance ex- 


and heat 
ceeding 150 C. Unfilled compounds are 
recommended for impregnation of trans- 
formers and coils, filled compounds for 
encapsulation of transformers, strain 
sensitive toroidal coils, capacitors and 
complete circuits. The cured material. 


of flexibility 


being tough and flexible, eliminates 
cracking even during severe thermal 
shock. 

Hysol 6250 is a conductive cement 


194 


based on epoxy resins, has volume re- 
sistivity of 0.01 ohm-cm at 25 C. Has 
excellent bond strengths to most mate- 
rials, is recommended for repair of 
printed circuits and for bonding of 
electrical components where soldering 
can not be tolerated. Cures fully in 24 
hr at room temperature, or 2 hr at 
140 F. Supplied in convenient kit form. 
Houghton 
Houghton 


Laboratories. Inc., 322 


Ave., Olean, N. Y. —>479 


NICKEL CADMIUM 
BUTTON CELLS 


Two button battery cells for min power 
requirements are among the smallest re- 
chargeable sintered-plate nickel cad- 
mium cells available. Weighing 14 oz. 
the VO 180 and VO 100 cells measure 
7% in. in diam and are slightly thicker 
than a 5-cent piece. These hermetically 
sealed units were designed specifically 





BLEUIRICAL MANUPAULUNRIING 


for miniature and subminiature electri- 
cal and electronic applications, and in 
addition to rechargeability and long- 
life, they are maintenance-free, non- 
gassing upon recharge, require no fill- 
ing or electrolyte, operate at normal 
temperature ranges, and have a low 
internal resistance which allows dis- 
charge currents up to 10 times capacity. 
Gulton Industries, Inc., 212 Durham 


Ave., Metuchen, N. J. — 480 


SUBMINIATURE RELAY 


Hermetically sealed in metal container, 
this subminiature relay is built in seven 
sizes for controlling from one to as 


many as six circuits with either plug-in 





or solder type connections. Relay sizes 
vary from 5g to 1%¢ in. in diam, weigh 
from slightly over 1 0z to about 4 oz. 
Prior to hermetic sealing, all parts as 
well as sub-assemblies are ultrasonically 
cleaned to remove foreign material. 
Phillips Control Corporation, 59 W. 
Washington St., Joliet, Hl. — 481 


DIAMOND TRANSISTOR 
RADIATOR 


Heat dissipation device designed for 
diamond-shape power transistors 3B-663 
consists of a of black, 
metallic radiating fins mounted on a 


series coated 





base plate interposed between the tran- 
sistor and the chassis, with or without 
a mica insulating washer. Attaches to 
the chassis with four bolt posts. Tests 
have indicated the radiator reduces 
operating temperatures of transistors as 
much as 30 C under typical operating 
conditions. Complies with requirements 


under MIL-E-5272A and MIL-STD- 
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DESIGNS THAT WORK —_— WITH 


SYN CHROL “ 


TIMING MOTORS 


Precision-engineered SYNCHRON synchronous 
motors operate smoothly, efficiently in any position at 
temperatures from —40°F to + 140°F ... start instantly 
under load... pull up to 20 in, oz. at 1 r.p.m. Speeds 
from 0.8 r.p.m. to 600 r.p.m, 





UL and CSA approvals 


BUILT FOR PERFORMANCE Ee 


PATENTED TWO-PIECE 7 DOUBLE BEARINGS ON 
FIELD STRUCTURE OUTPUT SHAFT. 


DOUBLE BEARINGS in & GEAR CASE SEALED 
reduction train against oil leakage to GY KC H RG N 
ALUMINUM ROTOR permit mounting in 


any position. 


RING SUPPORT. e 
9 FOUR CONVENIENT OL 
4 PATENTED, HARDENED en mae. euehy Kequinenmein ‘ 


STEEL ROTOR RING. 
10 BRASS GEARS. 


Nn 


i 


5 OIL STORAGE RESER- 
voiR with patented 11 STEEL PINIONS. , 
oil feed to bearings. aaa — MOTOR (8 ed cue om 
ompactly built to space saving dimensions, with rotor 
6 HEAVY BRASS ROTOR 12 BAKELITE GEAR for and coil packed in a sturdy hand-sized case Used in 
quiet operation, timing devices and controls of all types. Guaranteed 
COVER, torque 8 in. oz. at 1 r.p.m, 


HI-TORQUE TIMING MOTOR (20 IN. OZ.) 
There’s big power packed into this versatile timing motor. 
One year guarantee. Dependable, accurate, trouble-free. 
Guaranteed torque 20 in. oz. at 1 r.p.m. 


SLO-MOTION TIMING MOTOR 
Versatile new pear-shape timing motor developed espe- 
cially for replacement application. 110 speeds available 
within 4 r.p.h. and 360 r.p.m. 


HANSEN CLOCK MOVEMENTS 
For standard and office clocks, sign clocks, noveh, 
clocks, and clocks of all kinds up to 26” in diameter under 
glass. Precision power with a Synchron timing motor. 


HANSEN MAGNA-TORC DC MOTOR 
Designed for aircraft instruments and radio controls. 
Armed Forces applications have proved its top perform- 
ance world-wide under all operating conditions. Easily 
adapted to commercial uses. 








©) @) a ® 


"Mohhonse f the industry” ip 


RQ 
synchronous motors, timing machines, 
~ clock movements, magnatorc DC motors 





HANSEN MFG. CO., INC. ky) 4 PRINCETON 16, IND. 


ESTABLISHED 1907 


FOR FULL INFORMATION CALL OR WRITE TODAY 
Hansen Representatives: The Fromm Co., 5150 W. Madison St., eeune, 11l.; Winslow Electric Co., New York, N. Y., Chester, Conn., Philadel- 
phia, Cleveland; Electric Motor Engineering, Inc., Los Angeles (WEBSTER 3-7591) and Oakland, Calif.; H. C. Johnson Agencies, Inc., Rochester, 
Buffalo, Syracuse, Binghamton and Schenectady, New York. 
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EXTRAS 


that make a / 
— GOOD tube 


GREAT! 


Amperex 
6939 


MINIATURE UHF TWIN TETRODE 


with these Amperex EXTRAS: 
¢ frame grid construction 


¢ 5 watts total anode dissipation in 
miniature envelope 


¢ 5’ watts useful power in load (ICAS) 
¢ maximum ratings to 500 Mc 
¢ gold-plated grid for low grid emission 


OPERATING CONDITIONS, AMPLIFIER, CLASS C, FM 


ccs ICAS 
Frequency 500 500 MC 
Plate Voltage 180 200 voits 
Screen Grid Voltage 180 200 voits 
Control Grid Bias 20 20 volts 
Pilate Current 2x27.5 2x30 ma 
Screen Grid Current 12.5 14 ma 
Control Grid Current 2x0.75 2x0.75 ma 
Driving Power i2 1.2 watts 
Plate Input Power 2x5 2x6.2 watts 
Plate Dissipation 2x2.1 2x2.6 watts 
Screen Grid Dissipation 2.25 2.8 watts 
Output Power 5.8 7.2 watts 
Useful Power in Load 5 6 watts 


Other Amperex replacement favorites: 


5894 High-sensitivity VHF/UHF twin tetrode; 
40 watts anode dissipation 
6360 High-sensitivity VHF/UHF twin tetrode; 


14 watts anode dissipation 
6146 High-sensitivity beam power tube 
8S66AX Mercury vapor rectifier 


ask your distributor 
about extra-quality 
Amperex 
replacement tubes 





Amperex ELECTRONIC CORP. 
230 Duffy Avenue, Hicksville, L. 1., N. Y. 
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202A. Birtcher Corporation, 4371 Val- 
ley Blvd., Los Angeles 32, Calif. —>482 


HEAT RESISTANT PAINT 


Heat-Rem H-170 extra-high heat re 
sistant paint makes possible effective 
coating of many metal surfaces formerly 
regarded as “unpaintable” due to tem- 
perature limitations. Said to withstand 
temperatures up to 1700 F, and to 
virtually fuse with hot surfaces to form 
a continuous, uniform, attractive coat 
ing. 

Made of special, high heat-resistant 
aluminum, combining both “leafing” 
and “non-leafing” characteristics, and 
colored metallic pigments in a silicone 
base. Can also be used to protect sur- 
faces in the lower temperature ranges, 
from 200 F upward. Offered in 4 stand- 
ard aluminum, metallic blue, 
metallic red and gold, in qt, 1-gal and 
5-gal cans. Speco, Inc., 7308 Associate 
Ave.. Cleveland 9. Ohio. —> 483 


colors. 


INSULATED-BASE 

SILICON RECTIFIERS 

Series BY-400 “Redtop” insulated-base 
silicon rectifier features new diode de 


sign with high alumina-content cerami: 
disk, brazed to metal parts to combine 
thermal 


high conductivity 


effec- 
| 


with 





tive electrical insulation from the heat 
sink. Has predetermined heat transfer 
characteristics. Integral, one-piece in- 
sulated base eliminates bulky hardware 
and facilitates simplified and compact 
bridge and doubler circuit mountings. 
Operating temperature range from —65 
to 150 C. Complete range of types, 50- 


600 PIV at 6 amp. Bradley Semicon- 
ductor Corp., 275 Welton St.. New 
Haven 11. Conn. —> 484 
SUBMINIATURE 


THERMOCOUPLES 


Wide range of diameters, from 0.020 
in. OD 2-wire to 0.040 in. OD 2-wire, 
complements a complete line of thermo- 
couple and electrical conductors in 
metal sheaths ranging up to 0.500 in. 
OD 6-wire units. Subminiature units. 
fully metal clad and ceramic-insulated 
from the high-temperature sheath, are 
rugged and resist corrosion, abrasion 
and erosion as readily as their largez 





# 
4 





Gx 


counterparts, yet are readily formed. 
Available in sheath 
and most conductor combinations. Pyro- 
Electric, Inc.. P. O. 232. Barring- 
ton, Il. —> 485 


several materials 


Box 


THIN STRIP RESISTORS 


Two-dimensional Filmohm strip resis- 
tors use a resistance film of low-tem- 
perature-coefhicient approx 50 
millionths of an inch thick on a base of 
natural mica and sealed with a micro- 


alloy 


thin coating of quartz. Electrical con- 
tact is made by using conductive silver 
epoxy join a silver tab on 
resistor to copper strip on Stripline 
printed circuit board material which is 
etched out to receive flat resistor. Any 


cement to 


two-dimensional shape can be supplied. 
Resistance values range from 1 to 500 
ohms, tolerance +5 or £10 per cent. 
Power, approx 3 watts per sq in. at 
100 C ambient. Filmohm Corp., 48 W. 


25th St., New York 10, N. Y. — 486 


FHP MOTOR 

Ecliptic M-114, 
versible d-c motor with an air-stabilized 
Alnico permanent magnet field, is avail- 
abel for 6, 12, 24, 28, 32 or 48 volt 
input and is rated at “450 hp for con 
tinuous duty or %5 hp in intermittent 
duty. Speed range, 3000 to 20,000 rpm. 
Motor 


| 


* 


Carter two-lead re- 


body is machined 


precision 





anodized finish avail- 


with 
able in red, blue, green, yellow, silver 


or black. 


aluminum, 


Frame dimensions. 1.3 diam 2.4 
length; overall length 2°4 in. includ 


ing shaft extension. Weight approx 6 
oz. Armatures dynamically balanced. 
Extra output d-c winding 
provided for tachometer-generator 01 


generator 
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Find the missing memory plane 


The seven memory planes above each solved some 
special memory problem. There is one plane missing. 
It’s the one which will solve your problem. You’ll find 
the plane at General Ceramics which offers a com- 
plete memory plane service, backed by broad experi- 
ence in the ign, engineering and mass production 
of planes, frames and cores. 


DESIGN SERVICE- An experienced design engi- 
neering staff stands ready to analyze your mem- 
ory plane requirement, recommend and develop 
the plane that will meet your application in the 
most efficient and least expensive manner. 


MANUFACTURE - Skilled factory personnel, uti- 
lizing the most advanced equipment and techniques 
and continually working in all phases cf memory 
plane development and manufacture will produce 
the plane. General Ceramics has developed and 


wired memory planes containing from 64 to 16,384 
cores each. (Core sizes range from 50 mil OD to 
80 mil OD.) 


QUALITY CONTROL-—An expanded testing de- 
partment with fully automatic and semi-automatic 
testing equipment, developed at General Ceramics, 
assures you complete quality control and the high- 
est standards of manufacture. 


STANDARD LINE-—Perhaps some of General 
Ceramics’ line of standard memory frames will 
meet your requirements. Write for literature on 
General Ceramics standard planes. Address in- 
quiries to General Ceramics Corporation, Keasbey, 


N.J.—Dept. ME. 


GENERAL CERAMICS 


ORIGINATOR OF THE SQUARE LOOP FERRITE 


Manufacturers of FERRAMIC CORES, MAGNETIC MEMORY CORES, MEMORY PLANES, MICROWAVE FERRITES, 
SOLDERSEAL TERMINALS, HIGH TEMPERATURE SEALS, STEATITE, ALUMINA and CHEMICAL STONEWARE 





STRAITS 


TIN es 
REPORT = 


New developments in 
the production, mar- 
keting and uses of tin 
SUREAU 
- 


* 


Five times cheaper than stainless 
steel. That’s what the British dairy 
industry reports about seamless tinned 
steel milk cans. It finds that a heavy 
tin coating gives a good adherent fin- 
ish, provides excellent corrosion re- 
sistance, is completely nontoxic, and 
does not in any way affect the flavor 


or the nutritive value of the milk. 
* 


The increasingly important role of 
tin in this age of the jet and missile 
is again confirmed. A tin-zinc alloy is 
being used to plate jet aircraft hydrau- 
lic brake parts and thus prevent cor- 
rosion. The alloy is 75% tin and 


25% zinc. 
* 


Another new product is available in 
the popular aerosol cans. It is Freon, 
an odorless, colorless gas normally 
used as a refrigerating agent. The 
aerosol Freon bomb will double as 
your personal, portable tire pump and 
fire extinguisher. It can be used to 
inflate the average tire with 22 pounds 
of pressure in just 6 seconds. It kills 
fires by depriving the flames of oxy- 
gen and lowering the surrounding 


temperature 


Ask us to send you TIN 
NEWS, a monthly letter 
It will keep you posted on 
tin supply, prices, new 
uses and applications 


The Malayan Tin Bureau 
Dept. 468 1028 Connecticut Ave., Washington 6, D.C 
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control circuits. Carter Motor Company, 
2708A W. George Street, Chicago 18, 
Il. — 487 


EPOXY ENCAPSULATION 
SYSTEM 


All-epoxy encapsulation system E-Pak 
reduces assembly time and reject rates 
on electronic components. Consists of an 
all-epoxy header with embedded lead 
wires, a cured epoxy shell and a pre- 


metered epoxy pellet. All-epoxy covei 
conventional — glass-to-metal 
header. After component is soldered to 
pellet is 
dropped into the cured epoxy shell 
along with the component-cover com- 
bination. The entire package is then 
heated; the pellet automatically melts, 
gels, and cures, embedding the com- 
ponent and sealing the cover. The com- 
ponent is then hermetically sealed and 


replaces 


cover, a premetered epoxy 


embedded in a single block of cured 
epoxy. 

Where encapsulation is desired with- 
out embedment, the pellet is omitted 
and a special self-sealing epoxy cover 
is used. Epoxy Products, Inc., 137 Coit 
St., Irvington, N. J. —> 488 


HIGH-VOLTAGE 
TUBULAR CAPACITORS 


Tubular capacitors have high insula- 
tion resistance, high humidity resist- 
ance, low power factor and low tem- 
perature coefficient. These ceramic 
case capacitors use quality capacitor 
tissue and polyester film, impregnated 
with a stable purified silicone fluid 
with hermetic-seal  steatite housing 
and are designed for operation at full 
voltage from —60 to 
derating. 


125 C with no 


Capacitance ranges up to 0.5 wf with 
d-c working voltage ranges from 2 to 
15 kv for continuous operation at 125 
C. Available with three types of end 


caps: plain end caps for clip mount- 
ings; axial threaded studs No. 8-32 x 
3, in. long; or axial tinned No. 20 
copper wire leads 1%g in. long at ends. 
Axel Electronics Diy., Axel Bros., Inc., 
134-20 Jamaica Avenue, Jamaica 18, 
ae e —> 489 


POLYESTER MOLDING 
COMPOUND 


Thermaflow 105 
around properties suitable for most 
structural applications with a flexural 
strength for random cut test specimens 
of about 16,000 psi and a notched Izod 
impact strength of 4.5 ft lb/in. notch. 
Higher strength values are obtained 
from standard ASTM test bars with 
flexural strength of 20,000 psi and Izod 
impact strength of 12.0 ft lb/in. notch. 

Typical molding conditions are 400- 
800 psi at about 300 F for compres- 
sion molding, and 500-1500 psi at about 
315 F for transfer molding. Cure time 
for a M%e in. section at 300 F is about 
40 sec and for a %g in. 


possesses the all- 


section 114 
min. Resistant to concentrated alkalis. 
dilute acids, and organic solvents; has 
a heat distortion point above 450 F. 
Supplied in gray color and also avail- 
able in a wide variety of other colors. 
Atlas Powder Company, Wilmington 
99. Del. — 490 


MINIATURE ELECTROLYTIC 
CAPACITORS 

High quality 
capacitors use 


aluminum electrolytic 
low-resistance — elec- 
trolyte which gives long shelf life at 
temperatures up to 85 C. Design pro- 
duces unusual stability of capacitance: 


30 to +85 C is with- 
15 to +10 per cent. 
factor and 


variation from 
in the range of 
Leakage current, power 
impedance are exceptionally low. 
More capacity is claimed for their 
size than any other comparable alum- 
inum electrolytic: in the 54 by 1 in. 
case size, for example, from 550 yf 
at 3 volts to 86 wf at 50 volts. Two 
designs available: the “PET” printed 
circuit model in single, dual, and 
triple ratings; and the “PET-A,” an 
axial-lead design available in single 
and dual ratings. Units are encased 
in plastic with an 
Ratings cover voltages from 3 to 50 


epoxy end-seal. 
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91 Save up to 50% 
—" on armature bearing costs! 


ast Low unit cost of the new Torrington Drawn Cup Roller Bearing reduces 
\ et BG) armature bearing cost as much as 50%. This unique bearing gives excellent 


\; 
Lie SIL service at high speed and permits prelubrication for life. 
Test installations and service applications show the bearing performs effi- 
ciently at speeds up to 25,000 rpm in intermittent service of 1000 hours and 
rollers end-guided at pitch line (A) more. In such service, initial lubricant lasts the life of the motor. Most 
duafididing retainer (8) designed applications require no seals. This, with the simplicity of housing design, 
to permit lubricant circulation contributes further to economy. 
high capacity in small cross sec- Designers are invited to evaluate the Torrington Drawn Cup Roller 
tion (C) Bearing for such applications as generators, power tools, electric mixers, 
vacuum ‘cleaners and other appliance motors where considerations of cost, 
speed, efficiency and light weight are paramount. 
Services of Torrington’s engineering staff are offered to assist you in design 
developments of every type of electric motor. The Torrington Company, 
simple housing design Torrington, Conn.—and South Bend 21, Ind. 


low unit cost TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 


long pregreased life 
efficient at high speeds 
mounted by press fit 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + BALL + MEEDLE ROLLERS + THRUST 
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LOW-LOSS 
KEL-F SOCKETS 


... for high-power 
transmitting tubes! 


for tubes such as: 


> 4X1S50A 
4x150D 
4x2S50B 
4CX2S50B 
7O34 

7o35 

4X2S50F 


Designed for use with high-power 
transmitting tubes, these sockets are 
molded of low dielectric loss-factor 
Kel-F plastic. Sockets are available 
in several designs—with or without 
screen grid by-pass capacitors. 
Control grid contact ‘‘guide’’ is 
machined for greater alignment ac- 
curacy—all contacts are low-resist- 
ance, silver-plated beryllium copper. 
Tube pin contacts are heat treated 
to provide positive contact pressure 
as well as extended life—annealed 
soldering tabs may be easily bent 
or formed. High quality, heat re- 
sistant, steatite chimney also avail- 
able to direct air flow through tube 
cooling fins. 


For details and complete specifica- 
tions write for free catalog listed 


below: 
New Cuattilog 


Write today for your copy of our 
newest components catalog, com- 
plete specifications and prices! 
@ Capacitors e Knobs and Dials 
@ Sockets @ Inductors @ Pilot 
Lights e Connectors @ Insulators 


.\ E.F. JOHNSON CO. 


JS 


| Three new 


| handle 





al 


2343 Second Ave.S.W. © Waseca, Minn. 
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| and capacities of 1500 to 1 yf total 
per unit. P. R. Mallory & Co. Ince., 
3029 E. Washington St., Indianapolis 
6, Ind. — 491 


LARGE-CAPACITY 
MOTOR BASES 


sizes of  tension-control 
available that can 


NEMA frame size motors up 


motor bases are 


to and including 100 hp. These Econ- 
O-Matic ll-steel mountings auto- 
matically control belt tension and elim- 
inate belt slippage and speed losses at 
peak loads and reduce average belt 
tension by almost 50 per cent. Ameri- 


can Pulley Co., 4214 Wissahickon 
Ave., Philadelphia 29, Pa. — 492 


PRE-FORMED EPOXIES 


Uniformity of appearance and_per- 


formance in seals and bonds is avail- 
able with Pre- 


pre-formed epoxies. 


| forms are pre-molded or pre-cut to the 


exact shape and formulated to flow 


‘ta Sees. 

and cure at the users temperature 
requirement. Two basic forms are 
available: Filmex, Series 800-D, is in 
sheet or film form, and is die-cut to 
the user’s requirements. Filmex is em- 
ployed for applications requiring a 
thickness of from 0.0015 to 0.020 in. 
Pressex, Series 800-C, are forms made 
from pre-pressing of epoxies in pow- 
der form into the required shapes and 
are used in applications requiring a 
greater thickness than 0.020 in. Mansol 
Little St., 

— 493 


Ceramics Company, 140 


Belleville, N. J. 


BLENDED TEFLON MATERIAL 


MIPlon makes use of inorganic addi- 


| tives to the fluorocarbon resin base to 
| achieve improved physical characteris- 


tics. It is claimed to exceed pure 


Teflon by a factor up to 10 in resistance 
to deformation under load; resistance 
to wear is increased by as much as 
500 times; and compressive strength 
and stiffness can be increased 4 to 5 
times. 

Applications are in mechanical parts, 
bearings, seals, piston rings and gas- 
kets for electrical, automotive, aviation 
and chemical industries. Modern Indus- 
trial Plastics, Inc., 3337 N. Dixie Drive, 
Dayton 14, Ohio. — 494 


SILICON SOLAR-CELL 
MODULES 


High-efficiency solar converter 
modules that will supply 100 
of power per 14 sq ft of cell area 
are capable of converting up to 8 pet 
cent of the radiant energy falling on 
their surface. 


silicon 


watts 


Modules are assemblies 
of series- and parallel-connected sili- 
con solar cells with specially proc- 


a FR 


essed, ruggedized contact strips. Each 
module 
1 x 2 em solar cells embedded in an 
mold that 


shockproof, weatherproof housing. 


contains 5 series-connected 


epoxy yrovides a rugged, 
J bot =) 


May be used in conjunction with 
storage batteries to supply continuous 
power. A typical installation can sup- 
ply a charging current of from 25 ma 
to greater than 1 amp into a 12-volt 
nickel cadmium battery in bright sun- 
light. May be interconnected in series- 
parallel configurations to supply any 
desired rating. International 
Rectifier Corp., 1521 E. Grand Ave., 
El Segundo, Calif. — 495 


power 


SUBMINIATURE THERMAL 
SWITCH 


MiniTherm is a normally-open, non- 
repetitive switch with a latching ac- 
tion. After switching it maintains a 
closed circuit regardless of subsequent 
temperature changes. 

In the form of a small cartridge 
3/16 in. in diam, the device has a 
current rating of 5 amp, a-c or d-c, 
continuous duty. Maximum working 
voltage is 220 v. Available with switch- 
ing temperatures ranging from 150 to 
500 F, +2 per cent. Applications in- 
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Maxitorg 


ELECTRIC CLUTCHES or | BRAKES 


Featuring these 


Cdeaniuge: 


© Compact and Simple Design 
Built to American Standards 
Stationary Coil 
No Slip Rings or Brushes 
Self-Adjusting—Easily Installed 
Drag-free Floating Neutral 
No Stressed Levers or Parts 

© Use as Brake or Clutch 


® Standard Flange Cups Available 


*Patent applied for. 


OPERATION INDUCED ENTIRELY BY Migreiic Was 


The new Maxitorq #9000 Series Electric Clutch is a compact, 
self-contained unit with operation dependent upon induced 
magnetic flux. As shown in the drawing below, this new 
Maxitorq Clutch consists essentially of a sealed magnetic 


Path of magnetic flux 
is indicated by arrows. 
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coil and housing arrangement actuating multiple discs which 
also act as the flux path. Because the coil housing, supported 
on anti-friction bearings, is stationary, troublesome brush 
and slip ring construction is eliminated. When energized, the 
entire assembly consisting of pressure plate, inner and outer 
discs, and buttress plate is locked together by the magnetic 
force passing through it. When de-energized, Maxitorq 
separator springs instantly separate the discs creating air 
gaps which help to break up residual magnetism. Com- 
pactness, fast response, and flexibility of control make the 
#9000 Series clutch or brake ideally suited for a wide range 
of applications. 


Write, phone, or wire Dept. EM now for Bulletin 90 des- 
cribing the most advanced design of electric clutches or 
brakes available today. 


Lacs Tall. 
MAXITORQ 
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CONDULET* 
Electrical Equipment 


Whatever the application, type of service or occupancy, 
there is a complete selection of Condulet electrical equipment 
in every type of construction . . . cgnventional, weather- 

resistant, (Type EG enclosed and 
gasketed), vapor-tight, dust-igni- 
tign-proof and explosion- proof 
(see opposite page). In addition, 
new items are constantly being 
added to the more than 15,000 
listed in the Condulet catalog. 
Each one offers additional proof 
of the lasting advantages of qual- 
ity materials and manufacture. 


FOR COMPLETE INFORMATION 


*CONDULET is a coined word regis) | on Condulet electrical equipment, 
tered in the U. S. Patent Office. It — see your Crouse-Hinds distributor .. . 


designates a brand of products or write the Company direct. 
made only by the Crouse-Hinds 


Company. 





CROUSE@HINDS 


MAIN OFFICE AND FACTORY: SYRACUSE. NEW YORK 
Crouse-Hinds Company of Canada, Lid., Toronto, Ont 
Crouse-Hinds Instrument Company, Inc., Silver Spring, Maryland 
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clude direct operation of power de- 
vices, triggering one thermal reaction 
from another, telemetering, operating 
as a time delay by use of thermal 
insulation, and as a safety and warn- 
ing device. MiniTec, 5423 Delaware 
Ave., Los Angeles 41, Calif. —,496 


HIGH-IMPACT PHENOLIC 
LAMINATE 

Excellent electrical properties are 
combined with impact and flexural 
strength more than 50 per cent greater 
than that of regular NEMA grade 
XXXP laminates in 4012-42 Lamicoid, 
a punching grade of phenolic laminate. 
High quality, phenolic resin-impreg- 
nated paper base with a special rein- 


forcing element gives unusual impact 
and flexural strength. 

Readily machined, and can _ be 
punched into intricate parts with con- 
ventional equipment. Said to be useful 
for applications such as_ electronic 
terminal boards containing a number 
of components and exposed to high 
mechanical stress. Also suitable for 
use as a base material for printed 
circuits. Mica Insulator Div. of Minne- 
sota Mining & Mfg. Co., 797 Broad- 
way, Schenectady 1, N. Y. —>497 


SILICON RECTIFIERS 

For military and industrial applica- 
tions, silicon rectifiers Types 1N1563A 
through 1N1566A offer peak inverse 
voltages of 100 through 400. One cycle 
average reverse current is limited to 
150 microamp max when rectified out- 
put is 250 ma and ambient temperature 
is 150 C. Forward rectified currents 
are 1.5 amp at 25 C and 250 ma at 
150 C ambient. 

Diffused-junction units are intended 
for applications where efficiency is of 
prime importance—as in magnetic 
amplifiers. Welded, hermetically sealed 
single-ended package is designed for 
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Truare Rings Eli 


Parts and Machining, 


Speed Assembly, Reduce Manufacturing Costs 


Ring eliminates nut and threading, saves $365/M 


Sanborn Co., Waltham, Mass., 
uses a Waldes Truarc Series 
5555 Grip ring* to secure the 
idler gear assembly of its port- 
able electrocardiograph. The 
ring assures faultless gear per- 
formance necessary for diag- 
nostic accuracy, eliminates a 
nut and threading operation 
for savings of $365 per 1000 
units. 


2 standard rings replace 
4 special parts, save $170/M 

Sanymetal Products Co., Inc., Cleveland, 
O., uses a Series 5005 Self-locking ring 
and a Series 5103 Crescent® ring* to 
hold the escutcheon plate and handle of 
this doorlatch for toilet compartments. 
The two standard rings replace four ex- 
pensive chrome-plated brass parts for 
savings of $170 per 1000 units. 


Whatever you make, there’s a Waldes Truarc Ring designed 
to save you material, machining and labor costs, and to 
improve the functioning of your product. 

In Truarc, you get: 

Statistically Controlled Quality from raw materials to the 
finished product. Every step in manufacture watched and 
checked in Waldes’ own modern plant. 


Complete Selection: 36 functionally different types. As 
many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes, All types available 


WALDES 


> TRUARC 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, N.Y. 


Ring saves parts, speeds assembly for savings of $260/M 


Fraser and Johnston Co., 
San Francisco, Calif., uses 
a Series 5555 Grip ring* to 
secure the fan shaft and 
speed assembly of its fur- 
nace blowers. The ring elim- 
inates a collar and set screw 
for savings of $180/M on 
materials, $80/M on assem- 
bly time—a total of $260 
per 1000 units. 


Ring replaces spring and washer; 
speeds assembly 50%, saves $15/M 


Allen-Bradley Co., Milwau- 
kee, Wise., uses a Series 
5139 Prong-Lock ring* to 
secure the adjustment knob 
of its pneumatic timer. 
Ring eliminates a costly 
coil spring and washer, 
simplifies a tough assem- 
bly operation. Cost saving: 
$15 per 1000 units. Assem- 
bly time saving: 50%. 


quickly from leading OEM distributors in 90 stocking points 
throughout the U.S. and Canada. 


Field Engineering Service: More than 30 engineering 
minded factory representatives and 700 field men are at 
your call. 


Design and Engineering Service not only helps you select 
the proper type of ring for your purpose, but also helps you 
use it most efficiently. Send us your blueprints today 

let our Truarc engineers help you solve design, assembly 
and production problems... without obligation. 8.2 


Waldes Kohinoor, Inc., Long Island City 1, N. Y. 


Please send me your new 24-page Catalog No. RR 
10-58 with descriptions and illustrations of the com 
plete line of Truarc retaining rings, pliers and acces 
sory tools and 80 typical applications 

please print) 


Name 
Title 


Company 


Consult the Yellow Pages of your Telephone Directory for name of 
Local Truarc Factory Representative and Authorized Distributor. 
Look under ‘‘Retaining Rings” or ‘Rings, Retaining.” 


| 
| 
| Business Address 
| 
| 


City 
ee 


©1958 Waldes Kohinoor, Inc. *Covered by one or more of the following patents: Nos. 2,382,948; 2,491,306; 2,574,034; 2,755,698 
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At No Increase In Price! 


Now, with more rugged construction and a specially designed 


anode base support, the new Fansteel Type “PP” Capacitor is 
especially adaptable for circuitry where exceptional resistance to 
vibration and shock is required ...at no increase in price. The 
new “PP” also has better low temperature characteristics. 

The Fansteel Type “PP” retains all its high performance fea- 
tures—outstanding frequency stability, negligible electrical leak- 
age—proved in countless applicauions demanding unquestionable 
reliability and dependability. It occupies minimum space, and yet 


provides extremely high capacity ratings for its size. 


Get complete information today. Write for Bulletin 6.100 


EANSTEEL 


FANSTEEL METALLURGICAL CORPORATION North Chicago, 11, U.S. 
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gi 


use with both printed circuit and 
chassis construction. Motorola Ine., 
Semiconductor Products Div., 5005 


E. McDowell Rd.. Phoenix. Ariz. —, 498 


FLEXIBLE MOLDS FOR 

EPOXY ENCAPSULATION 

CR Castflex M-3 liquid is a castable 
material specifically designed for mak- 
ing flexible molds for casting cold- 
setting epoxy resins. When heated to 
212-250 F it is converted into a trans- 
lucent, flexible. tough. rubbery com- 
pound having a Shore Durometer hard- 
ness of A 14-16. 

Product characteristics have been 
tailored to resist the attack of epoxy 
resins and to withstand without dis- 
tortion the temperatures resulting from 
the curing exotherm. Suited for en- 
capsulation of electronic assemblies 
and components where good surface 
finish of the casting is important. Also 
used for molding some types of heat- 
setting epoxies, as well as Silastic pot- 
ting materials. Cincinnati Research 
Co., 10100 Beech Lane, Cincinnati 15, 
Ohio. +499 


D-C MOTOR 


Model D-1000 rugged duty 28-volt d- 
motor for 1.6 hp operation at 2000 
rpm for a wide range of applications 
on aircraft, missile. ordnance and _ in- 
dustrial uses features explosion-proof 
construction with Hoover - designed 
flame-quench rings per MIL-E-5272: 
mounting flange AND-20000 (other 
flanges and/or shafts available) ; radio 
noise suppression filter per MIL-E- 
6181: capable of withstanding continu- 
ous starting at rated load at 2. se: 
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intervals under severe inrush conditions. 

Higher output speeds to 25,000 rpm 
(by deleting the reduction gear box) 
and other voltages are available, also 
models from 1 to 15 hp. Actuator oper- 
ation is at 260 F ambient temperature 
at 60.000 ft altitude. D-C motors for 
higher ambient temperature—500 F and 
200.000 ft plus altitude available for 
missile applications. 

Applications: hydraulic pump drives. 
pneumatic compressor drives, fuel 
pump drives, antenna rotating drives 
and cargo-rescue winch drives. Hoover 
Electric Co., Hangar Two, Port Colum- 
bus Airport, Columbus. Ohio. _—,700 


LINEAR INDUCTION 
POTENTIOMETERS 

Series of linear synchro transmitters 
provides accurate linear indication of 
shaft rotation about a reference posi- 
tion in the form of a polarized voltage 
whose magnitude is proportional to 


il 


angular displacement. Phase relation- 
ships indicate direction of shaft rota- 
tion. Potentiometers need no sliders to 
make electrical contacts. thus elimi- 
pating circuit interruptions and wear. 
Outputs of shaft rotation are linear 
over a range of +60 deg from ete 
trical zero. 

Characteristics: excitation, 26 01 
115 volts, 400 cps: linearity, 0.28 to 
1 per cent; nominal output voltage. 
20.4 or 60 volts; sensitivity, 0.34 to 
1 volt deg: max error from electrical 
zero, 9 or 18 min; rotor moment of 
inertia, 2 gm-cm-; operating tempera- 
ture range, —55 to +100 C. Keartfott 
Company. Inc.. 1378 Main Ave.. Clif 


ton. N. J. >501 


TRANSISTORIZED DIGITAL 
COMPONENTS 


\ complete set of basic transistorized 
digital computer circuit packages de 
veloped) with individual circuits in 
cludes flip-flops. diode logic boards. 
read amplifiers, write amplifiers and 
and blocking © oscillators. Features 
two identical circuits for each com- 
ponent board, except the logic board, 
which contains 2-], 2-2, 2-3, 1-4, 2-5 
function AND gates, and 9 oR gates. 

D-C pulse gating techniques permit 


operation of as many as 75 pulse gates 
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25 AMP. 


Silicon Power Rectifier 


Here’s the newest addition co Fansteel’s growing line of 
reliable silicon rectifiers. The 4A carries a full 35-amp. load 
—up to 100 amps in bridge circuits—with rated peak inverse 
voltages from 50 to 400 V. in 50-volt multiples. And it’s built 
to withstand junction temperatures up to 165°C., storage tem- 
peratures from —65°C. to 200°C. 

This new low-loss unit mounts snugly in any position. 
Entire unit is hermetically sealed, with heavy-duty construc- 
tion to give long trouble-free performance and maximum 


dependability in high load circuits. 


~~ 


RELIABILITY 


FANSTEEL METALLURGICAL CORPORATION Worth Chicago, 111 
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BEAVER a7). if 
BALL SCREWS bt) ss (Ea re satill ty! 


Successor to the Acme from each output of the flip-flop and 
screw drive and preferred ead amplifier at frequencies 
in many applications to 
hydraulic and pneumatic 
systems. Guaranteed 90% 
efficient in converting ro- 
tary twist to linear push 
(or vice versa). Employs a 
stream of precision balls 
and ground lead to elimi- 
nate drag and wear in 
delicate instruments, air- 
craft, machine tools, mas- 
sive wind tunnel jacks, etc. 
For horizontal and vertical 


up to 
500 ke. Reliability is achieved in a 
iugged, lightweight, small size and 
low power-consuming plug-in — unit. 


TRAVEL 


Fach board is easily inserted or re- 
noved by means of an extendable han- 
dle. Aeronutronic Systems, Inc., Com- 
suter Div... Box 5—486, Newport 
Beach. Calif —»502 


VARIABLE-SPEED ELECTRIC 

DRIVES 

The Super ‘T’ V*S_ packaged drive 

actions, indexing, inching systems reveal size reductions up to THE WORLD’S LARGEST 


and traversing. Consul- 35 per cent over comparable existing 


tation and engineering Sits salen Gene Stn S00 tes, Sislan aKele) Mado Mle). 1y4e) 10 VE 

—. oe gable wotiage system of speed Rema Cee 

a ee Ney ee ee MILLING MACHINE USES 
6 BEAVER BALL SCREWS 
FOR POSITION CLAMPING 


AND 2 FOR SPINDLE FEED 


ANY DIAMETER OR 





RAPID START 


tits 


a-c and d-c motors and_ generators 
employing higher-temperature Class B 
insulation. 


x 
—~ 
< 

Z y; 
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In conjunction with Reliance Super 


‘T’ variable-speed drive motors, the The same accurate posi- 


tioning, rigidity and free- 
dom from backlash essen- 
tial in this huge Giddings 
and Lewis Model 1210- 
FUAR with 10” spindle is 
available to you for im- 
and custom. Both are engineered to proving the efficiency of 
meet NEMA I, IA, 5, 12 and JIC : 
your equipment. Consulta- 
tion and engineering serv- 
ice. Write for literature. 


drives will commutate up to 200 per 
cent current for periods of 1 min, and 
will handle even higher transitory 
peak loads. Motor features Class B 
insulation and a 60 C rise. Drives are 
offered in two basic styles—standard 


spec ifications. 
Feature a pre-set speed control de- 
vice, timed acceleration and decelera- 


RRVAAAAAATE QRVVRAS 


> 


tion. penne control is available over 


. 


in 8:1 range by armature voltage, and i 


over a Ll range by field control. 
Reliance Electric & Engineering Co 


rp Y-Ye1 =) 24701 Euclid Avenue, Cleveland 17, Seaver 
Drecision = ” Drecision 
i Droducts TOROIDAL INDUCTORS i Droducts 


INC. Standard inductance coils are toroid- i INC. 
i CLAWSON, MICH ally wound on molybdenum Permal!oy CLAWSON, MICH. 


powder cores, giving them a_ stable 


EXTREME ACCURATE POSITIONING 
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New Repeat Accuracy the Cutler Manmmer 10316 Pre 
Limit Switch always trips at the same po 


of “in and “out” plunger trave 


alo 


LY] 


A 
B 
1ST 


e LASTS 10 TIMES LONGER 
e CAN'T TEASE 


e TRIPS REPEATEDLY AT 
PRECISELY THE SAME POINT 


The new 10316 will change your ideas about what an 
industrial duty precision limit switch can do. 

Comparative tests proved the 10316 provides ten 
times greater life. It could not be teased. And it always 
fired at exactly the same points of “in” and “out” 
plunger travel. Prove it yourself! You’ll discover a new 
high in electrical and mechanical life, the sureness of 
repeat action, the utter dependability of the Cutler- 
Hammer 10316 Precision Limit Switch. 

Three dimensionally identical switch bases are avail- 
able. Double circuit switch is normally open—normally 
closed. Single circuit switches are either normally open 
or normally closed. A wide variety of operators, with 
various individual mountings, provide easy-to-install 
units meeting practically every type of application. 

If you use precision limit switches at all, the 10316 
is for you. Know the difference—write for fully ex- 
planatory Pub. EA154-D-241 Cutler-Hammer Inc., 
Milwaukee 1, Wisconsin. 


39 Ready-to-Install Units 


Plunger Operators for Roller Plunger avail- 6” Lever can be Roller Lever with 1-Way Roller Lever Cabinet Door Perfect 
in-line operation with able for in-line or right formed on-the-job to either right or left-hand operates in one direc- control panel safety in- 
controlled overtravel. angle operation. satisfy unusual needs. operator. Operates in tion, by-passes in the terlock ... available with 
both directions. other. single or double con- 

tact block operators. 


mame CU TLE R-HAMMER 


CONTROL 
Cutler-Hammer Inc., Milwaukee, Wis. ® Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hommer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.: Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation 
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LOW COST 


NWL SHELL-TYPE 
DONUT TRANSFORMER 


for isolating high voltages 


The Shell-Type Donut Transformer (Secondary Floating) is used for 
isolating high voltages on filaments, cascaded high voltage power units, etc. 





The low cost of this unit is achieved by eliminating ceramic bushings, 
oil and tank. Similar units, but of core type, have been manufactured for 
the past 15 years and have demonstrated reliable performance. 


The new Shell-Type Donut Transformer has a much more 
compact design. In comparison with the conventional oil tank unit, 
its size and weight are reduced approximately 40%. 


The NWL Shell-Type Donut Transformer, a new member 

of the well-known family of NWL custom-built Transformers, is made 
to fit the particular needs of the user. Each Nothelfer transformer 
is individually tested for core loss, polarity, voltage, corona, 
insulation breakdown and aging characteristics and must 

meet all customer's requirements before shipment. We shall be glad 
to receive your specifications and quote you accordingly. 


oe 


ESTABLISHED 1920 
off & 
NEMA 


t. 
mam! 








SAY: NO—TEL—FER 


NOTHELFER WINDING LABORATORIES, INC., P. 0. Box 455, Dept. EM-2, Trenton, N. J. 


Specialists in Custom-Building 
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and high Q inductance over the audio 
frequency range. Useful in filter work, 
resonant tuned circuits, and delay 
lines. Stock values range from 5 mh 
to 5 henries, with a tolerance of 1 
per cent. 

Available in open construction for 
low-cost epoxy encapsulation for mois- 
ture-proof sealing, and molded types 
for moisture and shock resistance and 
for easy mounting or stacking. Overall 
size 1546 in. diam by '%46 in. high. 
Special values of inductance, Q, fre- 
quency and temperature range are 
available on short schedule. Magnetico, 
Inc.. 6 Richter Court, East Northport. 
ay es A — 504 


PM MOTORS 
Types BD and BL “Moto-Mite” preci- 


sion permanent magnet type d-c motors. 
designed to aircraft and missile stand- 
ards, are nominally rated at %45 and 14 
hp continuous duty at 10,000 rpm, re- 
spectively. Both are 11% in. in diam and 
are otherwise similar except for stack 
length. Type BD is 2% in. and Type 





BL is 2'%6 in. overall length excluding 
shaft extension. 

Various armature windings are avail- 
able for a range of speed and torque 
characteristics and for required voltage 
ranges. Radio noise shielding is pro- 
vided by the motor design and filters 
can be supplied to meet the require- 
ments of MIL-I-6168. 

May also be furnished with speed 
governors, with normal speed range be- 
tween 5.000 and 12,000 rpm or with 
speed reducers. Globe Industries, Inc.. 
1784 Stanley Ave., Dayton, Ohio. —>505 


SILICON RECTIFIERS 


Double-diffusion processed silicon rev- 
tifiers now available in hermetically 
sealed, axial lead top hat design. 
achieve high rectification — efficiency 
through a combination of low forward 
drop and low leakage currents. Also 
withstand high overload currents. Other 
features include 500 to 750 ma rectified 
current and up to 600 peak inverse 
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Breakthrough 


at 80,000 


R.P.M.! 


New C/R high-speed laboratories 
...testing seals at tomorrow's speeds! 


Pushing a design program through on schedule 
means that there can be no slow-down in any 
phase. If you know there’s a high-speed sealing 
problem ahead — an accessory drive for a new jet, 
a hot, fast-rotating shaft in a guided missile, or a 
bearing in tomorrow’s turbine car—plan for it now. 
Here in Chicago Rawhide’s new High-Speed Seal 
Test Laboratory, C/R engineers now are break- 
ing through present limits, evaluating the design 
and performance of advanced seal types such as 


More automobiles, farm and industrial machines rely on C/R Oil Seals 
than on any similar sealing device. 








n 55 orir 


In Canada: Manufactured and Distributed by Ch 


Export Sales 
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CHICAGO RAWHIDE MANUFACTURING COMPANY 
1279 ELSTON AVENUE * CHICAGO 22, ILLINOIS 


c/R PRODUCTS: C/R Shaft and End Face Seals « Sirvene ‘synthetic rubber 
parts e Sirvis-Conpor mechanical leather cups, packings, boots « C/R Non-metallic Gear 


molded pliable 


end face, controlled gap, bellows, segmental and 
bore type seals under such punishing conditions as 
80,000 R.P.M., -300 to +1000 F. and 500 psi. C/R is 
at your service now with the most advanced tech- 
nology and facilities in the country for cooperative 
research on high-speed sealing problems. 


Chicago Rawhide consistently gears itself to the 
future, ready to meet industry’s new problems as 
they develop today. May we help you? 





OIL SEAL 


oF, Sey Ucte. 
RAWHIDE 
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A story without an ending! 
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The Versatility of TAYLOR Vulcanized Fibre 


What this material is... 


Vulcanized fibre is truly one of the wonder materials of all times. 
It is hard and dense, with excellent physical, mechanical and elec- 
trical properties. It is tough and resilient—has high resistance to 
impact, abrasion, wear, organic solvents, oils and gasoline. It is 
attractive and light in weight. 


What can be done with it... 


Vulcanized fibre can be machined, turned, stamped and punched. 
It can be formed, sawed, drilled, planed, milled and chiseled. It 
can be hammered, shaved, threaded, buffed and sanded. It can be 
decorated by lacquering, painting, printing and engraving. It can 


be laminated. 


How it can be used... 


Vulcanized fibre can be used for welders’ helmets, golf club face 
inserts, carrying cases, track and motor insulation, and abrasive 
discs. It can be used for switch parts, gears, sliding door guides, 
shuttles, bobbin heads, labels and tags; for facings, table tops, par- 
titions and kitchen utensils. There is no end to the things that can 
be done with it and the applications for which it is suited. 


For more complete information on the forms and grades available, 
contact TAYLOR FIBRE CO., Norristown 37, Pa. 





LAMINATED shard VULCANIZED FIBRE 
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volts without heat sink. Columbus Elec- 
tronics Corp., 1010 Saw Mill River Rd., 
Yonkers, N. Y. — 506 


HIGH-VOLTAGE WIRE 
TERMINAL 

High-altitude, high-voltage leads and 
terminals, LGH, of silicone rubber- 
insulated wire are designed for 12,000, 
25.000 and 35,000 volts at 5 amp. Fea- 


— 


turing compact size and light weight. 
they are available as single or double- 
ended leads and can be supplied with 
special anode connectors, magnetron 
or other special load end connectors 
completely enclosed in a molded sili- 
cone rubber boot, with no exposed 
high-voltage parts. AMP Incorporated, 
5284 Eisenhower Blvd., Harrisburg 32, 
Pa. — 507 


DIFFERENTIAL 
VOLTAGE-SENSING RELAY 


Relay employs simple printed circuit 
with standard plug-in SPDT relay to 
open and close circuits. Zener diode 
and transistors are employed in the 
sensing circuit for high sensitivity. The 
plug-in relay, a stock model, affords 
positive, consistent response without 
chatter, provides a control range of 70 
to 100 per cent of rated voltage for 
both drop-out and pick-up with a min 
l-volt differential. 

Accurate settings are obtained by 
using variable potentiometers for pick- 


RELAY 
VOLTAGE & PHASE FAILURE 


LAKE SHORE ELECTRIC CORP 
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SE SEPENL AER SP Saws ero wwe Few OFS ~~ S 


Need Infinite Speed Adjustment—Accurate Control? 
Get Both with 


DyNAnaTl 








FRACTIONAL HORSEPOWER 
AJUSTO-SPEDE’ DRIVES 


patestie Me. : | Gri : . . ; ; 
Porter Majestic A 2 eeeaves Grinder is equipped with two herever infinite adjustment and accurate control of 
Ajusto-Spede Drives. One drive, mounted on the headstock, j : ‘ 

; fetes : speed are required for proper machine operation, 
rotates the work against the grinding wheel. Another drive ssiatad lizi ‘ d hi f 
eneiies tee Vile tank: Cells walk gent und hte qued ere satisfied users are rea izing improved machine per orm- 
infinitely adjustable to suit varying conditions. ance and product quality through the use of Dynamatic 






Ajusto-Spede Drives. Stepless adjustment from zero to 
full output speed, and accurate control of any speed 
within the range, permit operation at the exact speeds 


required. 
A Dynamatic Ajusto-Spede TOR : ' 
Dri pai nt ia .. = d “Msg the Ajusto-Spede Drives operate on standard 115/220 volt 
rive rovides infinitely ada- Liat os ae 
nie pare feed speeds on bi | alternating current, requiring no special power source. 


@ Gorton Mestormil. Stepless ms The compact drive with its integral control system needs 
} , 4 no wall space, and requires little space on the driven 


machine. These drives may be mounted in any position, 


adjustment permits the oper- 


ator to select the proper table 7°" 
speed for maximum efficiency a. —— " providing great versatility of application. Twelve models 
- are available in ratings from !/, hp at 1650 rpm through 
1 hp at 3200 rpm. 


in machining all metals. 


Before you specify a fractional horsepower drive for 
your product or plant equipment, check the many ad- 
vantages offered in the Dynamatic Ajusto-Spede Drive. 


Send for Your Free Copy of Illustrated Bulletin FAS-6 
which Describes Dynamatic Ajusto-Spede Drives 









Harnischfeger Welding 
Positioner WP-1 uses an Ajusto- 
Spede Drive and gear reducer 
to rotate welding table. Table 
speeds are infinitely adjustable 
from zero rpm to 4.47 rpm. 
Drive tilts with table to the 
position desired by the operator. 








Vibration Fatigue Testing Machine manufactured by the All 
American Tool and Mfg. Company employs an Ajusto-Spede Drive 
to operate a vibrating table at various speeds for testing instru- 
ments and electrical components. 


T DYNAMATIC DIVISION 
EFA MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE * KENOSHA, WISCONSIN 


FEBRUARY 1959 Circle 215 on page 17 211 











ae Sass ery Vr Ppeye FF 


Designed for 
d-c service of both 6 to 49 volts. and 


up and drop-out control 


) 


0 to 250 voits. The a-c service range 
includes both single phase and three 
phase. 3-wiie and 4-wire. Standard a- 
relays available in open models or with 
NEMA Type-2 closures. Lake Shore 
Electric Corp.. 205 Willis St.. Bedford. 


Ohio +508 


FILLED TEFLON BEARING 
MATERIALS 


leflon bearing materials composed of 
virgin Teflon powder filled with vari- 
available in 


ous materials is seven 


TELEMETRY COMMAND 
COMMUTATOR 


Spring-driven, rotary sampling switch 
telemetering 


lor missile and = space g 
systems has a self-contained driving 
mechanism. The commutator is hand- 


wound before a flight and will make 


BLEULINICAL MANUFAULILURING 


revolutions. Typical sampling speeds 
are 14 or ‘50 sec per rev. Typical 
weight 5 oz. Applied Science Corp. ot 
Princeton. P. O. Box 44, Princeton, 


oe — 510 


SLEEVE BEARING DESIGN 
MOTORS 


Drip-proof electric motors of sleeve 
(Type G) in NEMA 
frame series 180 and 210 in standard 


motor ratings from 1% to 7's hp are 


bearing design 


available. 


These motors, recommended where 


unusually quiet operation is desirable 
olass-filled. and the vibration sometimes associated 
filled, glass and carbon-filled, ceramic- 


filled, 


molybdenum-disulfide and 


standard = styles: carbon- 


with ball bearings is to be avoided 


graphite- and — zircon-filled. (such as in fan drives for heating, 





glass-filled ventilating and air conditioning equip- 
and mica- and glass-filled Teflon. Other 


filler materials can be incorporated for 


ment), are also designed for use in con- 


one complete sampling cycle for each nection with polishing and_ finishing 


special applications. command received from the ground or machines where vibration must be held 


from various functions in an airborne to a minimum to avoid minute surface 
imperfections. Allis-Chalmers Manu- 
facturing Co.. 1126 So. 70th St... Mil- 


waukee 1. Wis >I) 


Besides their use as bearing mate- : 
rials, these filled Teflon materials are vehicle. 


also suitable for electrical and elec- The wiper arm remains on a “home” 


tronic applications. including molded channel until a command is received. 


and machined spacers. inserts. connec- Release of the spring mechanism is ac- 


tors and other parts for use in high complished by a pulse signal into a 


DRUM SWITCH 


Type “DR” drum switch is for across- 


voltage, high frequency and high tem- solenoid-actuating device. It can pro- 


perature electronic equipment, wires vide up to 100 or more sampling revo- 


and cables. Chemical & Power Prod- lutions without rewinding. Safety lock the-line starting and reversing of a- 


ucts. Ine.. 11 Broadway. New York 4. 
N. Y. — 509 


features prevent overwinding and ex polyphase squirrel cage motors aud 


ceeding of a predetermined number of single phase motors, reversing duty; 








ELECTRICAL 


CONTACTS Wy 





DAVEN’S NEW ou er ven 
MINIATURE WIRE |e | te: | term | Gee | Go 


WOUND RESISTORS 1274 7/16 3/8 100K 0.25 


1273 1/4 5/16 | 400K 0.25 


| 
PROVIDE AS MUCH es | va | 5/18 | cox “oe 
AS 400K | 1288 | 1/4 | 27/64 | SMeg. | 0.25 
1250 1/4 1/2 900K 0.33 


RESISTANCE IN 170A | 7/16) 1/2 | 1.2Meg 050 | 
/, “y ed SPACE 1170 1/2 1/2 18Meg.| 0.50 | 


Types and Specifications 
a ae 


Contacts in BRALOY* ~ 
(Silver-Cadmium Oxide) 


Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties. Can be supplied in the 
form of contact rivets, welding type contacts 
etc. Whether you are seeking advice on new 
applications, redesign, or wish your own designs 
executed, send us your requirements, and they 
will receive our most careful attention. 


Extra KNOW-HOW 


for your specific design problems 
“Reg. 


— 





Write for our new resistor catalog. 


“DAVEN- 


Livingston, N. J. 





















LAMINATED AND INLAID METALS 


Special temperature coefficients PRECIOUS METAL PRODUCTS FOR ELECTRICAL MANUFACTURERS 


can be supplied on request. 





a 318 Washington Street, Mt. Vernon, N. Y. 
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ROL EPOTUF 021 noein 


“An ideal resin for potting applications’’ 
says J. R. McRobert, vice president, Novi Equipment Company 


211 





Engine heat, vibration and road shocks present prob- explains Mr. McRobert. “Eporur is the ideal resin for 
lems that must be met and mastered in auto air condi- our purposes, possessing excellent qualities of adhesion 
tioning equipment. And the Novi Equipment Com- with the exact electrical properties we require.” 
pany, Novi, Michigan, has found that an RCI Epotur Manufacturers everywhere are finding increased use 
epoxy resin plays a vital role in the manufacture of its for Reichhold’s versatile epoxy resins. EPOTUF epoxies 
‘ air conditioners — successfully seals a copper coil com- offer rugged strength, corrosion resistance and superior 
ponent in the steel magnetic compressor clutch — insur- bonding properties that have proven perfect for a 
ing dependable performance. variety of applications. 
: ‘The use of Epotur allows a very close tolerance with And when you do business with RCI, you can count 
a permanent, rigid seal that prevents copper-steel con- on fast, on-time deliveries anywhere in the country. 
tact — and the ‘shorting out’ that would thereby result,” Why not let us know your epoxy requirements? 










REICHHOLD 


Synthetic Resins « Chemical Colors « Industrial Adhesives » Phenol 
Hydrochloric Acid » Formaldehyde + Glycerine » Phthalic Anhydride « Maleic Anhydride 
Sebacic Acid + Ortho-Phenylphenol » Sodium Sulfite « Pentaerythritol 
Pentachlorophenol « Sodium Pentachlorophenate « Sulfuric Acid « Methanol 
REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N. Y. 


> 


= 


OB Creative Chemistry ... 
Your Pariner in Progress 


S 


Ee 
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Greatly Increased 


Oil Capacity... 


for Long Range 
Peak Efficiency 


General Industries’ Model 
“H” 2-Pole Shaded-Pole mo- 
tor is designed and con- 
structed with features that 
assure thousands of EXTRA 
HOURS of service under the 
most adverse operating 
conditions. Rugged, quiet, 
smooth running. A giant in 
the small motor field. Avail- 
able in nine models that 
cover a wide range of 
applications. 


OIL CAPACITY MANY TIMES 


GREATER THAN 


CONVENTIONAL MOTORS 


Oversized oil bearing reservoirs 


hold considerably more oil and 
wicking assuring more efficient 
lubrication over a much longer 


period of time. 


ay 


1 





HP Locked 
2800 Torque 
RPM _ in./ox. 


MODEL 


Max. Free 
Torque Speed 
in./oz. PM 


Wt. 
Lbs. 





5 
z 


0.50 


0.75 | 3300 


6.5 


-1817" 


1.3 





0.75 


1.00 


9.0 


.1817" 


1.5 





1.25 


1.80 


11.0 


-1817" 
4. 


1.6 





baba babe babe phe 


1.40 


2.20 


12.5 


-1817" | 





1.55 


2.50 | 3400 


13.0 


-1817" 


19 





1.85 


3.00 | 3400 


15.0 


2544" 


-1817" 


2.0 





2.00 





2.20 


——4— 


3.50 


a 


17.5 


1¥e" 


2%," 


-1817” | 
. } 


2.4 





4.35 | 3450 


18.0 


WA" 


23%," 


-1817" | 


28 





’ 


—+ =e] =e 4] SO SO} CO GO] I I 


> 
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Fa bakes toa babes eat aba boa ga bao 
(al 
Qn 
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2.30 


4.70 | 3490 


21.0 


134" 


2H," 


-250° 


3.3 





3.00 














5.00 | 3490 








25.0 








2" 





3544" 





-250" 





38 








Write today for catalog sheet and quantity-price quotations. 


DEPT. GL 





. ELYRIA, OHIO 
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also d-c shunt, series and compound 
motors. Size 00, with 3 poles arranged 
to break 2 lines to the motor, is rated 
1 hp max at 115 volts a-c, 
phase; or 220 
Size 0, with contacts arranged to break 
3 lines to the rated 1 hp 
max at 115 volts a-c, single phase to 
2 hp max at 440-550 volts a-c, poly- 
phase. 

Both supplied with NEMA 1 encelo- 
sures designed for easy surface mount- 
direct to machine milling 
machines, planers, grinders, shapers 
end lathes; for small 
motor applications such as wood-work- 


single 
volts a-c, polyphase. 


motor, is 


ing tools, 


and reversing 
ing equipment, conveyors and_ hoists. 
Arrow-Hart & Hegeman Electric Co., 
103. Hawthorn Street. Hartford 6, 
Conn. —>512 


OIL-TIGHT PUSHBUTTON 
COVERS 


Oil-tight covers for flush mounting oil- 
tight pushbuttons over cavities in ma- 
chinery or walls are made of 14 gauge 
steel and have sponge neoprene gasket- 
ing around the inside edge to keep out 
oil and dust. Made in ten standard 
sizes to accommodate from 1 to 25 
pushbuttons or pilot lights with uni- 
versal holes for any standard make of 
oil-tight pushbutton. Standard finish 
is baked gray hammertone enamel. 
Hoffman Engineering Corp., 1658 Ty- 
ler St., Anoka, Minn. —> 513 
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Order Raytheon Electronic 
and Mechanical Components 
from your local 


RAYTHEON ELECTRONIC PARTS DISTRIBUTOR 


Don’t give ‘‘hot”’ ideas time to cool off. The Raytheon Electronic Parts All of these Raytheon Quality Products are available 
Distributor near you has a complete stock of Raytheon Tubes, Semi- from stock through your local Raytheon Electronic Parts 
Distributor: 


conductor Products and Mechanical Components (see list) and will 


: : ; Raytheon R iving T 
provide swift, personal service. y eceiving Tubes 


Raytheon Industrial Tubes 


You win two ways when you specify Raytheon: Raytheon Silicon and Germanium Transistors 
Raytheon Silicon and Germanium Diodes 
1. You eliminate the costly time lag between conception and Raytheon Power Tubes 
application. Raytheon Industrial Cathode Ray Tubes 


Raytheon Storage Tubes 
2. You improve your products — thanks to the quality and perform- 


; Raytheon Magnetrons and Klystrons 
ance advantages found only in Raytheon components. 


Raytheon Voltage Regulators 


I i j j Y Raytheon Mechanical Components 
here’s no penalt / in price either. Yo é = =lec ic P. 
y e ur Raytheon Electronic Parts Control Knobs, Pull Handles, 


Distributor can fill your needs for sample quantities of Raytheon Panel Brackets, Fuse Clips, Binding Posts, 
Quality Products at factory prices. For the name of your nearest Shaft Locks, Test Jacks 
Raytheon Distributor write... Raytheon Captive Hardware 


RAYTHEON Industrial Products Department 
—— RAYTHEON MANUFACTURING COMPANY 


55 CHAPEL STREET, NEWTON 58, MASSACHUSETTS 
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BALL-DISK LINEAR 
INTEGRATOR 

Ball carriage design extends the life 
of a ball-disk linear integrator by re- 
ducing friction and improves its ac- 
curacy over earlier models. Basic 
function of the device is the integra- 


LOOK TO TOBE FOR PROGRESS 









600,000 
amperes 
help harness 





° 
tion of a variable with a constant 
(such as time) to provide a_ propor- 
tionally integrated mechanical  out- © 


put. 

In place of the sleeve-type carriage 
used in earlier models, 8 micro ball 
bearings support the 2 steel integrating 
balls. As a result. the new carriage 
requires less than 0.3 in.-oz force to 
move the input shaft. as compared 
with an input torque of 2 in.-oz at 
zero load on older units. The rotating 

| disk is of lapped tungsten carbide. 
Librascope. Inc.. 808 Western Ave.. 
Glendale. Calif —>514 


MINIATURE TELEPHONE 
| RELAY 


Series SM-400 miniature telephone re- 
lay. hermetically sealed. operates on 
400 cycles. Will meet requirements of 
MIL-R-5757B. Nominal operation, 110 
volts a-c. 400 cycles: can be used on 
frequencies as low as 60 cycles. Various 
At the recent Geneva Atoms-For- Why Tobe capacitors? Because only contact arrangements available up to 
Tobe, with over 30 years of capaci- 1 PDT. Contacts rated at 3 amp 115 
tor manufacturing experience, could 


Peace Conference, Los Alamos sci- 
entists unveiled Scylla—a fusion de- 
vice used to heat a plasma of ionized 
heavy hydrogen particles millions of 
degrees by blasting it with a 600,000- 
ampere thunderbolt. 


volts a-c. or 0.5 amp 28 volts d-c. Con- 
meet the rigid design specifications tact resistance less than 0.030 ohms. 
set for the project. Tobe can meet Hermetically sealed. with solder lug ter- 
yours too. So, whether you need a minals or plug-in header. Coil resist- 
bank of thermonuclear energy-stor- 
age capacitors or a miniaturized 


ances up to 30 k ohms with a max coil 


Surrounding the heart of this ther- 
monuclear machine is a bank of 
Tobe low-inductance, energy-storage 
capacitors...each rated at 100,000 
volts each capable of a 20,000 mega- 
watt peak surge 


specify 


TOBE DEUTSCHMANN + CAPACITOR PIONEERS SINCE 1922 





tubular, talk to Tobe. Our engineers 
speak your language 


For further technical information 
or engineering aid, write Tobe- 


Deutschmann Corp. Norwood, Mass. 


?ODUCTS 
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dissipation up to 4 watts available. Can 
be supplied for 125 C operation. Mount- 
ing: 3 No. 6-32 studs on 6 x 1°16 in. 
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WESTINGHOUSE 
SILICON POWER 
RECTIFIERS 


ig 


Up to 

35 amperes 
half-wave. Weight: 
0.65 ounce. 


302 





e 


ANN 


Up to 

18 amperes 
half-wave. Weight: 
0.65 ounce. 


303 

















Up to 
12 amperes 
half-wave. Weight: 


304 


0.25 ounce. 


For efficient medium-power rectification on land, at sea and in the air 


Westinghouse types 304, 303, and 302 
rectifiers offer a range of current and 
voltage ratings which are ideal for effi- 
cient medium-power rectification. 


All three types are immediately avail- 
able from stock—and at an attractive 
rice! They are characterized by long 
ife, high efficiency, low regulation, low 
cost, and operation at high ambient 
temperatures (up to 190°C junction tem- 
perature). They meet or exceed require- 
ments of all applicable military tests. 
And they are available in a variety of 
rectifier assemblies. 


Listed below are some suggested appli- 

cations. 

e DC power supplies for ground and 
airborne 


e@ 6-12-24-48 volt AC-DC generator 
systems 

e Battery chargers 

Small plating supplies for laboratory 

use 

Power supplies for business machines 

Computer power supplies 

Transistor power supplies 

Telephone exchange DC power 

supplies 

Power supplies for marine smallcraft 

e Electronic tube filament supplies 


For further design data, contact your 
Westinghouse representative or write to 
Westinghouse Electric Corporation, 
Semiconductor Department, Young- 
wood, Pennsylvania. 


SILICON POWER RECTIFIERS - GERMANIUM TRANSISTORS « SILICON POWER TRANSISTORS 


you CAN BE SURE...1F ws Westi nghouse 
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COMING SOON—HIGH-SPEED GERMANIUM 
DYNISTOR SWITCH 
featuring low stand-by currents, low in- 
ternal power loss, and switching time in 
the milli-microsecond range. Watch for 
announcement of availability. 
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TUBULAR 
RIVET 
COST-SAVINGS 
MULTIPLY 
WITH MILFORD'S 


ASSEMBLY 
ANALYSIS 


WE STUDY 
THE 
FUNCTION 


| WE 

RECOMMEND 
THE BEST 
ASSEMBLY 

TECHNIQUE 


Smart designers are getting an assist 

from Milford—not only with basic design 

tips—but with a complete Assembly 

Analysis from drawing board to finished 

product 

For the answers to assembly problems. . . 
... get in touch with Milford first! 


MILFORD RIVET 
& MACHINE co. 


MILFORD, CONNECTICUT ° 
ELYRIA, OHIO * AURORA, ILL 


HATBORO, PENNA 
* NORWALK, CALIF 
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centers. Kurman Electric Co., 19] 
Newel St., Brooklyn 22. N. Y. — 515 


CONTROL ROD ASSEMBLIES 


“Alinabal” control rod assembly Series 
C-100-A makes available a_ self-con- 
tained control rod of improved design 
in which less material is required 
than for a conventional two-rod end 


¢—— 2 


o—2 


assembly, thus reducing machining and 
assembly labor costs. 

{ hardened and ground spherical 
race of sintered bronze or iron-copper 
retains self-aligning balls for Ing 
cycling life at either high or low vel- 
ocity. All parts are highly corrosion 
resistant and self lubricated. This sim- 
plified design is intended for those 
applications where a fixed non-adjust- 
able center distance between joints 
can be used. Carter Engineering Co., 
Ferrysburg. Mich. —>516 


FLOW-CONTROL 
SERVO VALVE 


FC-30 series small-size, low-weight flow 
control servo valve is designed for use 
on missiles and aircraft. Weighs 14.5 
oz, measures 1.75 x 2.0 x 2.8 in., avail- 
able covering the entire flow range 
from 0.15 to 13 gpm. 

Internal leakage for a 4 gpm valve 


at neutral position, using MIL-0-5606 


hydraulic fluid at 90 F and 3000 psi 
supply pressure, is 0.09 gpm max. Sup- 
ply pressure operating range is from 
500 to 4000 psi. 

Contains completely integrated feed- 
back servo loop and flow of hydraulic 
fluid is directly proportional to the cur- 
rent applied to a small polarized torque 
motor contained within the package. 
The position of the control valve spool 
is sensed by a mechanical feedback 
leakage which acts on the output of the 


Measure Resistance 
Quickly —Easily 


CURTISS-WRIGHT 


PORTABLE 








Wheatstone Bridge 
Model 7009 
$135.00 


Kelvin Bridge 
Model 7010 
$190.00 


Here are two bridges that are 
especially well suited for meas- 
uring resistances accurately 
when relatively unskilled 
workers must be used. And 
they’re extremely handy for 
day-by-day measurements in 
the laboratory. 

The Wheatstone Bridge covers a 
range of 0.05 to 50,000 ohms 
with only two knobs — a large 
scale calibrated from 0.5 to 50 
and a smaller range selector 
with five positions: 0.1, 1, 10, 
100 and 1000. A 4.5V battery 
provides power. 

The Kelvin Bridge measures low 
resistances from 0.0001 to 2.1 
ohms. Two dials, the larger 
calibrated from 0.0001 to 2.1 
and a four position range 
switch provide readings. 


For more information, write 


ELECTRONIC EQUIPMENT DEPARTMENT 


ELECTRONICS DIVISION 


CURTISS-WRIGHT 


CORPORATION * CARLSTADT,N. J. 
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BETTER IN MORE WAYS 
THAN ANY OTHER PLASTIC! 


f 


¥COLAC 


THE TOUGH, HARD ABS PLASTIC 


from BORG-WARNER 


CYCOLAC OFFERS C ycolac offers you advantages that cannot be equaled 


ALL OF THESE today! Its quality and performance far out-ranges the 
ADVANTAGES! field. Does your product demand rigidity? Investigate 
vs the wall thickness required by other plastics—then 
compare Cycolac. Must it withstand shock, abuse, 
* Superior Impact Strength—even at rugged use? Do you need sparkling colors and hard 
Low Temperatures glossy surface—corrosion resistance and less overall 
* Rigidity — even at High Tempera- weight? Cycolac combines a// of these properties—and 
tures more! Before you start a new product or make a 
Hard, Glossy Surface design change, look into Cycolac. 
Corrosion, Stain Resistance 


Wide Range of Colors CYCOLAC... the NEW dimension in design 


Good Electrical Properties ... the NEW element in production! 
Dimensional Stability 


Outstanding Performance 


Write for complete technical information! 








PACESSTITTITER iN 
DIVISION of BORG-WARNER 
b WASHINGTON, W. VA. 
Mar on also represented by: 
CHEMICAL WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 


CANADA: Dillons Chemical Co. Ltd., Montreal & Toronto 
SYNTHETIC RESINS EXPORT: British Anchor Chemical Corp., New York 
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motor to ensure steady, nonfluctuating 
flow rate. Cadillac Gage Company. West 
Coast Div.. Costa Mesa. Calif. —517 


TUBE-CAP CONNECTOR 


Tube-cap connector series combines 
outstanding thermo, electrical and 
mechanical characteristics of silicone 
molding compounds with special con- 
nector techniques. Designed to meet 


N-OUNCES 


PULL 


critical requirements of high-voltage, 
high-temperature and high-altitude ap- 
plications, particularly suited for spe- 
cial airborne uses. 
Two types of silicone insulation avail- 
able: glass-filled silicone for high-tem- 
SMALL SIZE “e . perature service from 65 to 750 F. 
e Hi TEMPERATUR to withstand up to 1000 F for short 
4 Ot. Ot SEAT durations and designed to meet MIL- 
E F F | C E N i M-14E with high impact strength; sili- 
e a5 : cone rubber for high flexibility and 
resilience: for high voltage applica- 


POW E R F U L : 3 \ Ae < tions, temperatures from 70 up to 


e ; > : “ 500 F with extraordinary resistance to 


; fatigue. Both types have high resist- 
New, economical, compact ; i Pa “ ance to ozone, moisture. or corrosive 


design. Extremely efficient, : Act atmosphere, will not support fun- 
Z an gus, and are available with integrally 
dependable in performance. cael saidlatinwes! biter ak ables 
Available for either AC or DC si wes special inserts to simplify circuitry 
layout. Alden Products Co. 117 N. 


yperation, intermittent or con- F 
sal . Main St.. Brockton 64. Mass 5518 


tinuous duty, 3 to 220 volts. 


Normally supplied with flat - 
plunger, but also available z= 1 \ RIBBON CABLE 


with conical plunger. for DC = z Rte fempbraid ribbon cable i oe 


‘ ; tured in widths of trom 14 to 3 in. 

only. Send for complete details. : en a Re a 
: with Teflon and other yarns into a 

Other sizes,. solid frame and Mr pte flat, extremely flexible ribbon for ap- 


laminated types, also available. 


aU 


= Senmaneoms COMPANY 
Kr ieh mies CHICAGO 18, ILL. 


RELAYS + SOLENOIDS + COILS SWITCHES ¢ HERMETIC SEALING 
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Another Tinnerman Original... 


Self-retaining “U” and‘J” SPEED NUTS 


cut assembly costs up to 50% or more! 


If you are worried about rising assembly costs, products. Call your Tinnerman representative 
let one-piece “U” and “J” Speep Nuts keep —he’s listed in most major telephone directories. 
costs down...and improve your product. Or write to: 

They can’t fall off, once they’ve been pressed TINNERMAN PRODUCTS, INC. 
into screw-receiving position. No welding, ee rer + ee es Sewoland t, Otte 
staking or other secondary fastening devices 
needed. You eliminate lock washers — spring 
steel Speep Nuts are self-locking, make vibra- TINNERMAN 
tion-proof attachments. 

SpeepD Nuts are ideal for blind assembly or 

hard-to-reach locations. Apply them before you 
paint panels without danger of paint-clogging. 
Or after porcelainizing, without damage to 
finishes. The ““U” type is similar to the “J” type, 
shown above, but is used where full bearing 
surface on the lower leg is required. 

A free Fastening Analysis can tell where 
SPEED Nut brand fasteners belong on your 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd. Treforest, Wales. FRANCE: Simmonds S.A. 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano-Bundy GmbH, Heidelberg 
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plications where motion is involved 
such as being pulled over rollers, coiled 
on drums and as connections between 
chassis and panel doors. Slitting the 
ribbon is feasible. permitting the con 
struction of small inexpensive har- 
nesses, Increased numbers of conduc- 
tors can thus be placed in square or 
rectangular channels due to improved 
space factor. Hitemp Wires, Inc., 1200 
Shames Dr.. Westbury, N. Y. 5519 


FUNGICIDAL INSULATING 
VARNISH 


Clear, fast air-drying insulating varnish. 
No. 642-AF, protects electrical and elec- 
tronic equipment from fungus attack, is 
applied to the surface of instruments, 
transformers, printed circuits, ceramic 
resistors, insulators and other electronic 
equipment for protection in hot, humid 
climates. 

Failure of shipboard, aircraft and 
ground installation equipment due to 
fungus which causes surface leakage 
and potential arc-over paths is thus 
minimized. Water-white No. 642-AF 
will not “after-yellow.” 


7a. ~ on © 


2100, wet, ASTM D115, 1850. Schenec- 
tady Varnish Company, Inc., P. O. Box 
1046, Schenectady 1, N. Y. +520 


PROPELLANT-ACTUATED 
VALVE 


Propellant-actuated valve of normally 
closed design houses a laterally mov- 
ing spool and the explosive cell which 


\ 
drives it. The inlet fitting has a blind 
end to eliminate possibility of pre-ac- 
tuation leakage. 

When the valve is assembled, the 
end of this fitting recesses into a 
counterbore in the spool and actuation 


traps the expanded combustion gases 
so that they neither escape from the 
valve nor contaminate the working 
fluid. 

Propellant cells can be provided in 
either single or dual bridge-wire types. 
Beckman & Whitley, Inc., 985 E. San 
Carlos Ave., San Carlos, Calif. —,521 


SILVER BRAZING 
PASTE ALLOY 


ST series silver brazing paste alloy con- 
tains standard silver brazing alloys with 
special silver brazing fluxes in stable 
paste form for use on automatic silver 
brazing production lines, eliminates 
separate application of braze alloy and 
flux. On fully automatic production fa 
cilities, parts are fed automatically past 
a special paste dispenser and a uniform 
amount of paste material is applied to 
the joint. Subsequent heating finishes 
brazing operation. Fusion Engineering. 
17921 Roseland Ave., Cleveland 12, 
Ohio. — 522 


PLUGS AND JACKS 


Other properties: specific gravity at 
1, 0.955-0.965; viscosity at 25 C, 
centipoises, 300-500; solids, per cent. 


ASTM D115, 50 + 2; solvent, Xylol; 


NEW 
MINIATURE 
AGASTAT’ 
time delay relay 


for missile, aircraft and 
electronic applications 


INSTANTANEOUS RECYCLING... 
reset time—less than .020 seconds 


UNAFFECTED BY VOLTAGE VARIATIONS . . . time delay remains 
constant from 18 to 30 volts DC 


ADJUSTABLE . . . time delays from .030 to 120 seconds 
CHOICE OF OPERATION...for either energizing or de-energizing 
SMALL .. . height—4%%"". . . width—1'/,". . . depth—14” 

LIGHT . . . maximum weight—15 ounces 

MEETS ENVIRONMENTAL REQUIREMENTS OF MIL-E-5272A 
This new AGASTAT time delay relay is an externally adjust- 
able, double-pole, double-throw unit. It incorporates the basic 
AGASTAT timing principle, proved by a half-century of reliable 
operation on automatic aids to navigation, in a space-saving 
miniature unit built to withstand the rugged environmental 
conditions of missile and aircraft applications. 


For specific information on the new AGASTAT relay for 
your application, write to Dept. A30-221. 


roy sasric STOP NUT CORPORATION OF AMERICA 
1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing 
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results in shearing off the blind end 
to permit fluid flow past a recess in 
the spool and to the outlet port. Metal allow 
particles are trapped in the counter- 
electric strength, vpm dry, ASTM D115, bore, and a system 


Combination plug and jack No. 2317 
(illustrated) has been designed to 
piggy-backing of patchwork 
panels and additional plugs. Can be 


of O-ring seals plugged into a jack on a board and 


20 TO 200 D.P. 


YOUR PRINTS FOR QUOTATION 











q 
SPURS e HELICALS e WORM AND WORM GEARS 


STRAIGHT BEVELS e LEAD SCREWS e RATCHETS 
CLUSTER GEARS @ RACKS @ INTERNALS @ ODD SHAPES 


IN GEARS 
r~ 





ROCKFORD, ILLINOIS 


1035 PARMELE ST. 
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INDUSTRIAL 
MILITARY 


TRANSISTORS ance 


RADIO 
j PHONOGRAPH 


i 
Hs | a A ee 











i see 
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D OFFICES 


RCA’s comprehensive line of TRANSISTORS offers you reliability, AST: 744 Broad Street 


Newark 2, New Jersey 


electrical uniformity, top performance, and mass-production availability! Barry sesso 
NOr A treet 


They are produced and controlled to meet the most critical ——— 


performance requirements. Whatever your needs in transistors—from AST CENTRAL: 714 New Center Bldg 
special one-of-a-kind projects to production-run apparatus...from ___ TRinity 3-5600 

dc to VHF—contact your RCA Field Representative or your local - Marchondive Mart Plot 
Authorized RCA Distributor for a discussion of the RCA TRANSISTORS _ | poesegcchahnsil ia 


best suited to your own designs. For technical data on specific types, ee Agate 28, Sole 
ymon 


write to RCA Commercial Engineering, Section B-54-NN, Somerville. N. J. | 224 N. Wilkinson Street 
j Dayton, Ohio 
| BAidwin 6-2366 


1625 ''K'" Street, N. W. 
Washington, D. C. 


RADIO CORPORATION OF AMERICA District 7-1260 
Semiconductor & Materials Division cme lon Bre 
Somerville, N. J. 












for finishing wire leads : meres 

nother plug can be plugged into it. 

e The jack is equipped with a captive 
wi t h A R T Oo S A U T Oo MAT | . C S - 6 key held "s oat by a nse ent cae 


per spring. Insertion of the plug forces 














expansion of the spring. giving posi- 
tive contact. Jack mates with the 
Cambion 2201-2 plug and is available 
in four shank lengths to accommodate 
A new collecting device terminal boards with thicknesses rang- 
ing from 0.087 to 0.214 in. 
is now available for use on Another plug and jack, No. 2319, 
is designed for mounting one printed 
the popular Artos CS-6 circuit form perpendicular to another. 
Using this combination, any number 
wire-measuring, cutting of printed circuit boards may be plug- : 
ged to the master boards. Cambridge 
and stripping machine. Thermionic Corp.. 445 Concord Ave.. 
Cambridge 38, Mass. —>523 e 
Illustration shows the 
Single Conductor Stranded Wire 
new collecting trough SUBMINIATURE RELAYS 
Single Conductor Solid Wire (AE-478). Upper trou h Type AR (illustrated) four-pole crystal 
=e ee ; PP & can relay of advanced design with- 
2-Conductor Parallel collects wire leads up to stands 125 C temperature and 2000 
Stranded Wire cycles vibration. With header leads ar- 
=~ 60 inches long, then empties ranged - a — “ grid and se 
300 Ohm Television Wire case styles available. it Is compatible 


Suen, the lower trough with printed circuits, miniature pack- 


a a 
SJ Cord after wire has been cut, 
ee ae 7 - 
thus saving operator time. 
Heater Cord 5 Op 


7 > 
Shielded Wire with Rubber Jacket 














Production speeds of 3000 finished wire leads per hour up to 
15 inches long. Maximum cutting length is 194 inches... strip- 
ping up to 2 inches at one or both ends. Artos also makes ma- 
chines that measure, cut, strip and attach terminals automatically -. nom operating voltages up to 115 volts 
at one or both ends. ins d-c. 

Another unit is Type MTRH-6 time- 
delay relay having immediate reset at 


aging and micro-modular construction. 


Dry circuit to 2-amp contact rating plus 


Operated by unskilled labor. Errors and work spoilage, due 


to human element, are eliminated. Machines are easily set up the completion of a delay cycle; small 


and adjusted for different lengths of wire and stripping. size, 2.25 cu in: light weight, 3. oz. 
Designed to meet military requirements. 


Proved performance. Time-consuming hand stripping jobs renee Gorm, 41 Se. idawa Ri. P 
which once were a bottleneck in many plants are gone forever. Whippany, N. J. +524 

As a result, Artos automatic wire strippers are paying their way 

in the mass production of television and radio sets, electrical 

appliances, motor controls and instruments of all kinds. INFINITELY VARIABLE . 


If you need big capacity on wire lead finishing, WRITE for SPEED REDUCERS 
descriptive Artos Bulletin No. 36. Engineering consultation Heavy-duty Zero-Max speed reducers 


ith blizati provide infinitely variable speed from 
WER Cungeon. 0 to 400 rpm and a constant torque 


AGENTS of 60 or 100 in.-lb delivered from 1 /2- 


aaa oy -_ World Leaders in Automatic Machines 


for Finishing Wire Leads featured and instant speed changes 
ARIOS whether units are running or not. 
Units will also serve as clutches going 

to 0 rpm. Output shafts drive in either 


2741 South 28th Street bd Milwaukee 46, Wisconsin direction and are free-wheeling — in 


or 3/4-hp motors, respectively. 
Accurate repeating of speeds is 
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Don’t Tie Yourself Up In Excess Tape 


Save Money with Dutch Brand's new Plastic Electrical Tape 
in 44-ft. Rolls 


Dutch Brand's new 44-ft. roll of Plastic Electrical 
Tape costs no more per foot than a 66-ft. roll. To 
you, this means less funds sunk in inventory. It 
also means you are not tied up in excess tape foot- 
age that invites waste and pilfering. 

Dutch Brand Plastic Electrical Tape is the easy, 
better way to do scores of electrical maintenance 
jobs. It's thin, strong, flexible... provides a di- 
electric strength of 9,000 volts. Also provides un- 
usual resistance to acids, alkalies, oils, solvents, 
fungus, bacteria, and gases. Made to highest in- 


dustry standards. Available in 20’'—44’—66’ rolls. 
Order Dutch Brand Plastic Electrical Tape from 
your supplier today. 


WRITE FOR NEW BOOKLET! 


Looking for new ideas on tape as a 
money-and-time-saver? Ask for 
“Big Four in Electrical Tapes.” 


Johns-Manville Dutch Brand Divi- 
sion, 7800 South Woodlawn Avenue 
Chicago 19, Illinois 


JM JoHNS-MANVILLE 
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direction of drive. Will operate in any 
position. Speed reducers available with 
or without motors. Motorized units 
| include an open frame, drip-proof, 
| 60-cycle, 115.230 volt, 1 phase, capac- 
| itator start motor. Revco Incorporated, 
1900 S. Lyndale Ave., Minneapolis 5. 


| Minn. 525 : 

| 

| MODULAR CIRCUIT ‘ 
BREAKERS 


| A new line of Stab-lok circuit breakers 
ind enclosures designed for  inter- 
| changeability with all existing Stab- 
lok devices features improved breaker 
performance, reduction of installation 
costs and greater eye appeal. Full E- 
CORNING GLASS 7052 slot construction of enclosure reduces 


RODAR Another the cost per unit circuit and enclosures 
Special Alloy 
, Senn Sener for a Specific 
: a Sr er cr — ee: Purpose 


x» 2x 
86 212 392 
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vempenature 
PROPERTIES 


This precision alloy was developed for Composition (Nominal) 
sealing metal to hard glass. Wilbur B. 

Driver Rodar is processed from melting Manganese . . .30% 
to finished size in our own plant under 1 Balance 
the strictest controls to insure consistent Melting Point 
analysis, temper, uniform grain size and . . 1450°C. (Apprex.) 
conformance to customers’ specifica- Specific Gravity. . 8.36 
tions. The superior stamping and seal- Weight Per Cubic Inch 
ing properties of Rodar make it the 2 Ib. 
preferred sealing alloy. Electrical Resistivity have been developed that are “dual 
Rodar produces a permanent, vacuum- - + 294 Ohms C.M.F. | rated” for either single or three-phase, 
tight seal with simple oxidation proce- Tensile Strength | also split bus panels. Coil magnetic 
dure and resists attack by mercury. 000 Ps! 
Readily machined and fabricated, 
Rodar can be welded, soldered or 
brazed. Available in wire, strip and bar 





trip is now available on 15- and 20- 


Hardness * : : 
amp NA breakers. Combined with 


_. . . 82 B Reckwell bre 
Elongation | thermal tripping, the breaker gives 








S-Saaee " fullest possible protection for lamp 

to your specifications. 30% (2” gauge length) ee aiken Eesy <a agi rd 
. Toorann Vooraal | signed for easier operation and quick ° 

emperature Range Expansion, *Cm/Cm/°Cx10-6 identification of ratings. Federal Pacif- 

30° To 200 C. 4.33 Te 5.30 ic Electric Co.. 50 Paris St.. Newark 
30° Te 300. — 4.41 Te 5.17 dé 11, N. J. 526 ; 


30° 194000. 4.54 Te 5.08 
30° Te 450C. ___ §.03 Te 5.37 
30° To 500 C. ~ -§.71 Te 6.21 
*As determined from cooling curves, after annealing | SELF-DRILLING SCREWS 


in hydrogen for one hour at 900°C. and for ye Serre ’ a a ee 
15 minutes at 100°C. | Type 17 Nibserew has two basic fea 


| tures: “nibs” under the head that ab 





sorb excessive driver torques, and a 
self-drilling point. Eliminates stripping 
of threaded holes in soft or thin ma 
terials where there is little holding 


power. The Nibscrew feature provides 
braking action for the screw by in- 
creasing the stripping torque two to 
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How BUSS Heat-Limiter operates: 
A BUSS Heat - Limiter has a thermal 
cut-out that opens the circuit if any- 
thing causes the temperature to rise 
above its opening point. 











If overheating 


can cause trouble ~— 


BUSS HEAT-LIMITERS may 


be your 


BUSS Heat-Limiters are being used 
to protect many types of electrical 
devices or apparatus against excessive 
heating creating a hazard or resulting 


in loss of material. 


Where thermostats are used, BUSS 
Heat-Limiters provide ideal back-up 
protection should the thermostat fail 


for any reason. 


ANOTHER 
OUTSTANDING 
DEVELOPMENT 

BY THE MAKERS OF 


BUSS FUSES 


FEBRUARY 1959 


BUSS Sa ifety 


answer! 


BUSS Heat-Limiters are available 
in many types and in many styles of 
terminals to suit requirements. 


Tell us your problem and let BUSS 
engineers work with you to help solve it. 


For more information use coupon or 
write... Bussmann Mfg. Division, 
McGraw - Edison Co., St. Louis 7, Mo. 


| Bussmann Mfg. Division (McGrow-Edison niversity 


Please send information BUSS Heat-Limite 


Nome 


Address 


| Company 
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TYPICAL APPLICATIONS 
FOR BUSS HEAT-LIMITERS 
ARE: 





AIR CONDITIONERS 





REFRIGERATOR 
DEFROSTERS 


HOT LACQUER 
SPRAYS 





COOKERS 


OVENS 


and other devices or apparatus where 
excessive heating or failure of tem- 
perature control might cause trouble 
or a hazard. 


EM 259 


Valve HEAT-LIM ITERS 


N 
N 
~1 








Made to Navy drawing 9000, 
$6505 B, 73214, Rev. H. 





Designed by the Bureau of Ships and covered by applicable MIL specs, these boards 
or blocks are ideal for other heavy-duty assemblies and services. Available in several 
different lengths and number of terminals. Supplied in MAI-60 glass-filled Alkyd as per 
MIL-M-14 with latest revision. Threaded studs of manganese-bronze, molded in plastic. 
Slotted brass nuts. Other Navy types also available. 


WRITE FOR LITERATURE... 


Latest Kulka Terminal Block Catalog sent 
on request. Let us have your terminal block 
problems and requirements. Our specialty! 













KULKA ELECTRIC CORP. 
633-643 So. Fulton Avenue 
Mount Vernon, N.Y. 


J lolon 


fractional horsepower 
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Mf oheuce 
MMOLOS 


Skeleton Types - Gear Types 


We specialize in custom 
manufacturing all kinds 
of fhp motors. Whether 
you need skeleton types 


CUSTOM 
MANUFACTURED 
TO YOUR 


or gearmotors, standard 
SPECIFICATIONS 


or special, Molon can 
supply them fast and at 
low cost. Send for free 
descriptive circulars. 


(as 





















0 My Yf Motor and Coil Corp. 


2432 WEST GEORGE STREET CHICAGO 18, ILLINOIS 





228 Circle 235 on page 17 


four times 






that of regular heads. Full 
holding strength will be retained. 
Shakeproof Div., Illinois Tool Works, 
St. Charles Rd., Elgin. Lil. —> 527 


DIGITAL MOTORS 


Designed to operate under high shock 
and vibration or other severe environ- 
ment requirements, DM Series digital 
motors convert electrical pulses to step- 
ping motion on the output shaft. the 
position of which is held by positive 
lock between pulses. Angular rotation 
(Model DMA) 36 deg; (Model DMB) 
30 deg bi-dire -tional per pulse. Pulsing 
rates, 40 and 30 pulses per sec. Stand- 
ard voltage 28 d-c. Weights: 9.6 and 28 
oz. Vibration: 20 g’s to 500 cps. Shock, 
30 g’s for 11 millisec along each axis. 
Curtiss-Wright Corp.. Electronics Div.. 
Carlstadt, N. J. —>528 


SILICONE RUBBER-COATED 
GLASS FIBER SLEEVING 
Ben-Har 1151 


glass fiber sleeving is expandable so 
that one 


silicone rubber-coated 


piece can be used to cover 
the insulated diam of the wire, the 
diam of the stripped wire. and_ the 
diam of the soldered connection. 
Meets MIL-I-18057A and the appro- 
priate NEMA and ASTM_) standards 
and will be available in a complete 
range of colors. Accurate control of 
wall thickness and concentricity of 
coating are additional advantages. 
Larger sleevings up to 2 in. ID for 
application in large motors and gen- 
erators. as well as wire harnessing and 
aircraft ducting are now available. 
Bentley. Harris 
Conshohocken, Pa. 


Manufacturing Co.. 
— 5295 
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TANTALUM 





HE TENS OF MILLIONS of tantalum capacitors 
how into service since 1949 pay tribute to the 
man who made tantalum possible. 

The late Dr. Clarence W. Balke, Fansteel’s Direc- 
tor of Research, produced in 1922 the first tantalum 
“ingot” ductile and malleable enough to be rolled 
into sheet or drawn into wire. 

Dr. Balke, with his research group, then began 
to look closer at the unique properties of tantalum, 
to discover new uses. One of his experiments with 
current flow between tantalum plates immersed in 
an electrolyte resulted in the development of the 
tantalum-lead (Balkite) rectifier. In his laboratory 
log entry dated December 1, 1922, Dr. Balke wrote: 
“...In addition to functioning directly as a rec- 
tifier... apparatus built along similar principles 
may be used for electrolytic condensers...” 

Thus emerged the first tantalum capacitors and 
Fansteel had them on the market by 1930—princi- 
pally, in telephone service. One model used elec- 
trodes of crimped tantalum sheet in a cell about 
the size of a pint fruit jar, providing 800 mfd. at 
24 volts. Another used coiled electrodes welded to 
tantalum rods. The tantalum capacitor did a good 
job in those days, but it was unwieldy and expen- 
sive. Fansteel scientists later developed a way to 
eliminate expensive sheet metal and still retain 
large capacity characteristics, stability, and ex- 
tremely long life of the tantalum capacitor. 

Porous tantalum electrodes, made from powder, 
compacted around tantalum wires, resulted in an 
anode which exposed a great amount of surface to 
the electrolyte. This type capacitor first operated 
as a railway signal surge arrester. Single high-peak 
voltage surges, caused by lightning, momentarily 
break down the tantalum oxide film, but as soon as 







1959 


DR. CLARENCE W. BALKE holds a replica of his first tantalum ingot. This was 
the basic discovery that made tantalum capacitors possible. For his pioneer 
the Perkin Medal. 


work in tantalum he received many awards, among them, 





the surge voltage disappears, the oxide film heals 
and re-forms immediately. 


ENTER THE TRANSISTOR 


Shortly after World War II the Bell Telephone 
Laboratories introduced the transistor which 
started the age of miniaturization in electronic 
components. In 1949 we were asked to produce 
a Tantalum Capacitor of 4 mfd., 60 wvdc to 
occupy a space of less than one-tenth cubic inch 
and with a life expectancy of 30 years. Commercial 
production began that same year. 

The result of this development was the Fansteel 
“PP” Type Tantalum Capacitor now made in a 
wide range of sizes and ratings. As this is written, 
more than twelve million capacitors of this type 
have been put into service. 

Along with this major development, Fansteel 
metallurgists created the first tantalum made espe- 
cially for capacitor use—Fansteel Capacitor Grade 
Tantalum. 

Using Fansteel Capacitor Grade Tantalum in 
your capacitors is taking full advantage of Fansteel’s 
experience. It’s your assurance of only the finest 
tantalum made expressly for capacitors—a premium 
tantalum by the world’s foremost producer. 
Fansteel Metallurgical Corporation, Rectifier- 
Capacitor Division, North Chicago, Illinois. 


CAPACITOR GRADE 


TANTALUM 
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CUSTOM 
SHEET & PLATE 


FABRICATION 


It takes modern equipment ply’ craftsman- 
ship and know-how to produce fabrications 
such as the giant generator housing shown 
here— illustrative of Kirk & Blum’s ability 
to produce the unusual as well as the conven- 
tional types of weldments. In its 170,000 sq. 
ft. plant, with crane capacity to 25 tons, 
Kirk & Blum has complete facilities to pro- 
duce, preassemble and finish a wide variety 
of carbon steel, stainless, aluminum, monel 
and other alloys assemblies up to thick- 
ness. Fifty years of exceptionally varied ex- 
perience is your added assurance that the 
job will be done quickly and economically. 


Send prints for prompt quotations or write 
for detailed literature: The Kirk & Blum Mfg. 
Co., 3122 Forrer St., Cincinnati 9, Ohio. 


ELECTRICAL ENCLOSURES AND HOUSINGS 
CONTROL PANELS AND DESKS 
BREECHINGS e STACKS e AIR AND GAS DUCTS 
CASINGS e LOUVERS e BINS e HOPPERS e CHUTES 
INSULATING JACKETING 
ALUMINUM AND ALLOY FABRICATION 


KIRK . HLUMm 


FABRICATION 
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GLASS-SEALED RESISTORS 

Series of glass-sealed pyrolytic carbon- 
film type resistors featuring high sta- 
bility, reliability and small size are 
made by deposition of microcrystalline 
carbon on ceramic rods at high tem 





perature, then baked at high tempera- 
ture under vacuum and sealed. Shock- 
resistant borosilicate glass envelopes are 
fused to metal end caps. Available in 
14, 1 and 2 watts for circuits subject 
to high, instantaneous overloads. Pyro- 
film Resistor Company, Inc., U.S. High- 


way 46, Parsippany. N. J. >530 


SILICON POWER DIODE 
High-current silicon power rectifiers 
providing d-c forward currents up to 
250 amp with a max peak inverse 
voltage range from 50 to 500 volts are 
capable of operation at a junction 
temperature of 190 C. 





These rectifiers utilize the latest 
techniques in hermetic sealing to pro- 
vide additional reliability in environ- 
mental extremes of temperature, vi- 
bration and shock to meet military 
specifications. No soft solders or fluxes 
are used in sealing. International Rec- 
tifier Corp., 1521 E. Grand Ave., El 
Segundo, Calif. 531 


MINIATURE PROXIMITY 
PICKUP 


Miniature proximity pickup Model 
4912 AN is a probe-type pickup that 
detects both ferrous and non-ferrous 
metal parts having a diam of less than 
149 in. Can be excited by gear teeth 
of 10 DP. Pickup is 21% in. long over- 
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EXPERIENCE 


makes the big 
difference... 





PRODUCTION 
WIRE apatites 
Meet More Needs — 


Solve More Problems 


National Lock offers 


25 years of practical 


IDEAL Production Strippers are generally 
known as “the fastest on the market.”’ What- 
ever your needs, even if you don’t consider 
them problems, an IDEAL Stripper will give 
you better work, faster and cheaper! Below 
is solid evidence — a condensed list of wire 
stripping needs that IDEAL Strippers are 
called upon to fill every day: 


R, RF, CF, AF, Radio Hook-Up, Lead-In 
Wires, etc., up to 7/16” in diameter .. . 
Any cotton, silk, synthetic (plastic) insula- 


applications in the 
PLASTIC 
molding field 








tion or rubber coverings from fine stranded 
or solid conductors up to 7/16” in diameter 
. . . Plus most types of Film Insulated Wire 
(AWG #50 to AWG #0) as close as 
¥g” from the body of the winding or coil 
form. 


Shown are just two widely used models. Six 
other models and types are also available for 
any degree of specialized stripping you need. 
We'll be glad to “prescribe” — see below. 


When experience really counts, 

you can depend on the engineering 
and production resources of 
National Lock Company. For 25 years, 
National Lock has been an important 
supplier in the plastics molding field. 
Today, it produces both thermo- 





PeSetant ere 


TWIN CONE TYPE 








For high- es production 


stripping of most types of 
single conductors, solid or 
stranded wire up to a maxi- 
mum of 3/8” outside diameter. 








-_- 


Quicker, cleaner stripping of 
all types of film insulation. 
Wire size AWG #50 to #25. 
REPLACEMENT WHEELS: 
IDEAL offers top quality at 
less cost per pair than the 
average of other good quality 
wheels. 








FREE CONSULTING SERVICE 

— SEND US SAMPLES OF YOUR WIRE 

We'll put your wire samples through our Test Laboratory and 
return them to you with a written report, showing you our 
findings as to the best type and model IDEAL Stripper to meet 
your needs most exactly. Send us your samples now. 








= 
IDEAL salad 
Sold through America’s Leading Distributors 


In Canada: Irving Smith, Ltd. Montreal 
IDEAL INDUSTRIES, Inc. 


1008-B Park Avenue, Sycamore, Illinois 
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plastic and thermo setting plastics 

. everything you need in economical, 
top quality compression or injection 
moldings. What’s more, experienced 
engineers plus modern facilities 
provide an extensive product and 
tool design service to meet your 
specific requirements. Write for 
complete details today. 


HARDWARE 
standard and special-purpose 
fasteners 
latches and handles 
” pulls and knobs 


range and refrigerator 
hardware 


butts and hinges 


locks 


NATIONAL LOCK COMPANY 


ROCKFORD, ILLINOIS 
PLASTICS DIVISION 
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STREAMCOOLED MOTORS 





Advanced aluminum rotor casting process 
Prevents air bubbles and shrinkage that 
cause stress and trouble! 


For over a third of a century Baldor has pioneered 
many new ways to build electric motors better 

. for less money. Baldor’s aluminum-cast rotor 
in the new NEMA frames is a good example. 


This careful, precision method of casting produces 
a rugged, stress-free rotor without air bubbles and 
shrinkage cavities that can cause broken bars. . . 
loss of power ... and motor damage! New design 
refinements have also improved torque charac- 
teristics while lowering the noise level. 


Engineering extras like this (without extra cost) 
are your guarantee that you can specify Baldor 
Streamcooled Motors with complete confidence. 


FOR MORE INFORMATION ON THE COMPLETE 
LINE OF BALDOR MOTORS, WRITE... 


ELECTRIC COMPAN Y 


4353 Duncan Avenue - St. Lovis 10, Missouri 


Over 500 Authorized Sales & Service Distributors in U.S.A. 
District Offices: Atlanta « Chicago « sone e Dallas ¢ Dayton « Des Moines « Detroit « Litchfield, Conn, 
Los Angeles « Milwauk lis ¢ New Orleans « New York « Kansas City, Mo. 
Oakland « . Philadelphia e Portland, Ore. « Syracuse. 
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all with mounting thread “46-20. Has 
sensing face *, in. diam mounted at 
the point of work. It is connected with 
a shielded connecting cable to a prox- 
imity control unit. Moving metal pieces 
passing the pickup at a rate up to 
60.000 per min can be detected. Elec- 
tro Products Laboratories, 4500 N. 
Ravenswood Ave., Chicago. Ill. 532 


PLASTIC ROD, SHEET AND 
CASTING RESINS 


Thermosetting Eccostock HT 0003 plas- 
tic rod and sheet is available in a vari- 
ety of sizes and shapes. Electrical and 
physical properties: dielectric constant, 
10° to 10" cps, 2.2: dissipation factor, 
10° to 10! eps. below 0.0003; insula- 
tion resistance, ohm-cm, 10'°; flexural 
strength, psi, 12.000; modulus of elas 





ticity, 4.0 10°; Izod impact, ft lb/in. 
of notch, 0.3; water absorption (per 
cent gain in 24 hr at 25 C), 0.002. 

Withstands continuous 500 F expo- 
sure. exhibits almost no cold _ flow. 
Suggested uses: coaxial insulation, an- 
tenna windows, various dielectric ma- 
chined parts. 

Stycast TPM-4 casting resin, curable 
in the range of 400 to 500 F, is a rigid, 
thermosetting plastic with electrical 
and physical properties equivalent to 
those of Eccostock HT 0003. Hexagonal 
steel bars have been embedded in Sty- 
cast TPM-4 and shocked from +-300 to 

70 F without failure. Shrinkage dur- 
ing cure is low, thermal stability con- 
tinuous at 500 F. Emerson & Cuming. 
Inc.. 869 Washington Street, Canton, 
Mass. — 533 


EPOXY ENCAPSULATED 
CAPACITORS 

Epoxy encapsulated Mylar dielectric 
capacitors for high reliability applica- 
tions in filters and couplings are avail- 
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Republic Silicon Steel Uniformity 


X 
w 


In producing silicon steel laminations, punching 
quality of the steel used has a direct effect on die- 
life. This is why mechanical properties are as closely 
controlled as magnetic and electrical characteristics 
in Republic Silicon Steels. Flatness, clean surfaces, 
physical uniformity, and surface oxide adherence 
are maintained at superior levels to assure maxi- 
mum production per die grind. 

Republic is able to provide magnetic, electrical, 
and mechanical predictability in every grade of 
silicon steel through full control of all processing. 
Final grades are established while the steel is in 
the open hearth and by additions to the ladle. From 
this point on, tests verify that specifications are 
maintained. They are not applied simply to grade 
the steel after all processing is complete. 

Key operation in the production of Republic 
Silicon Steel is continuous annealing. Pioneered by 
Republic, this process subjects the steel to an 


electronically-controlled atmosphere and heating- 
cooling cycle to regulate surface oxide and magnetic 
and mechanical properties. Moreover, because 
Republic’s manufacturing sequence calls for slitting 
before final annealing, you can be sure of maximum 
freedom from cold work in full- or semi-processed 
Republic Silicon Steel. 

Final assurance of superior uniformity in 
Republic Silicon Steels is provided by a complete 
magnetic and electrical testing laboratory. Located 
adjacent to and integrated with the continuous 
annealing line, this laboratory can apply tests 
before, during, and after processing. As a result, 
“custom” levels of precision can be maintained on 
a mass production basis. 

For complete information, contact your nearest 
Republic office, or write Republic Steel Corporation, 
Department EM-6022, 1441 Republic Building, 
Cleveland 1, Ohio. 


REPUBLIC STEEL ‘ ) 
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THERE IS A REASON ...why CHRISTIE 
was selected as the principal source of 
D-C Power Supplies for all the above 
projects... RELIABILITY 


CHRISTIE’S rigid Quality Control is approved by the A.E.C. 
and leading Aircraft and Missile Manufacturers. 


CHRISTIE ELECTRIC CORP. 
3410 W. 67th St., Los Angeles 43, Calif., Dept. EM 


Precisely regulated Power Supplies of permanent stability. Ratings up to 1500 
amperes. Bulletin on Standard Militarized units available on request. 


> 
Super’ 
Fs 
! 
a 
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able in capacitances ranging from 
0.001 to 1 uf. for voltages from 100 to 
800 volts. Units will operate at tem- 
peratures from —60 to +125 C without 
derating and miniaturization is effected 
by the use of a nonconductive case with 
a hard. extremely thin, moisture 
resistant outer shell in round or flat 
tubular styles. Type MD capacitors are 
impregnated for high reliability char- 
acteristics, have moisture absorption 
qualities equivalent to those of her- 
metically sealed units. Efcon, 682 
Broadway. New York, N. Y. — 534 


SERVO-POTENTIOMETERS 


Featuring low torque operation, linear 
or non-linear windings and multiple 
taps. series of servo-potentiometers is 
available with diams of 7. 146. 1%, 
134, 2 and 3 in. 

Standard units are supplied with 
gold-plated turret terminals and high- 
temperature and moisture-resistant 
units are also available to specification. 
Circuit Instruments Inec., 2801 Anvil 
St.. N.. St. Petersburg 33. Fla. — 535 


FHP CIRCUIT BREAKER 


Low-cost’ manual-reset, remote-mount- 
ed circuit breaking unit provides over- 
load protection for fractional hp mo- 
tors on washing machines, dryers, 
dishwashers, disposal units, electric- 
power lawn mowers, workshop and 
other appliances. The MP-1600 em- 
ploys a snap-action thermal element 
to trip when the current exceeds a 
predetermined limit, provides motor 
protection in ratings from 5 to 20 amp. 

An insulating barrier moves between 
the contacts to hold them positively 
apart to shut off the motor; a reset 
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YOU GET 33 TIMES THE ADJUSTABILITY 





WITH BOURNS POTENTIOMETERS! 





Compared with the conventional single-turn rotary potentiometer, 
the adjustability of Bourns potentiometers is a 33:1 improvement. 
Providing 9000° of rotation instead of 270°, Bourns potentiometers 
simplify and speed up the adjustment or balancing of circuits 
You can repeat any setting quickly and easily. 
Settings are virtually immune to shock, vibration and acceleration 
Translatory action of wiper provides inherent stability. The rigidly 
mounted wiper is driven by a threaded stainless steel shaft, 
which is actuated by your screwdriver. No need to recheck settings after 
a lock-nut is tightened. There isn't any lock-nut. 


Available with printed circuit pins, solder lugs, or stranded insulated leads 


BoURNS 


Laboratories, Inc. 
P.O. Box 2112-B °* Riverside, California 


PIONEERS IN POTENTIOMETER 
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plunger snaps out, giving visual indi- 
cation that the breaker is tripped. 
Uses single hole mounting and AMP 
“Faston” type terminals. Mechanical 
Products, Inc., 1824 River St., Jackson, 
Mich. — 536 









REQUIRED 
PRECISION... 





PANEL METER 


Model 361 meter occupies panel space 





of 3-1/2 x 2 in. and projects 3/16 in. 
| It exposes only its indicating area, 
with the remainder of the meter fitting 
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and got it from 
CONSOLIDATED 





behind the panel. Dial and window 

This 12” x 15” phenolic “Memory Frame” for IBM are slanted for easier reading and may 
was plunger molded in one piece with 440 wire ter- be illuminated through a translucent 
minal inserts. Later, strung with copper wire con- coor ‘Window. Gensltevity ranges are 
taining a series of 8,000 ferrite magnetic cores, these 
frames are stacked one atop the other and wired 
together in conjunction with other components to 


0-5 swamps to 0-50 amps, and 0-5 my 
to 0-500 volts. 

Designed to slip through a rectan- 
gular panel hole and is held in place 


give IBM’s 705 Data Processing System a “memory” by rear screw-on clamps and requires 

capacity of 40,000 characters. no positioning holes for mounting 

Dimensionally stable frames that would withstand studs. Black satin finish standard, also 

dip soldering at extra high temperatures were a available in gray and in a wide range 

necessity. They could not bow or crack, nor could of other colors. Assembly Products, 

there be more than minimum after-shrinkage or ex- — 75 Wilson Mills Rd., amar 
110. —> 


pansion once assembly was completed. 
For more than 80 years 


we have been filling exact- MANOMETRIC-ELECTRONIC 
ing plastics orders for the PRESSURE SWITCH 


nation’s blue chip com- 
panies. Before you discard 
any design you feel can’t 
be molded in a plastic, call 
Consolidated. 


Precision pressure switch with accu- 
rate and sensitive response consists of 
a contactor manometer and a relay- 
power supply package. Unit may be 
used for alarm signalling and/or con- 
trol in applications involving pressure, 


0-page Facilities Report 


» 





, : CONSOLIDATED 
“Your Blueprint | 


i...» | MOLDED 
in Plastics” , 
Since 1874 | COCSNSTS | 
| CORPORATION 
' 





Send for vour [ree copy of our neu 


346 Cherry St., Scranton 2, Penna 
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to end miles of files 


Now... put your engineering drawings on unitized microfilm at new low cost, 


without capital investment. Tired of groping 
through crowded, bulky engineering drawing files? You need 
to no longer! The new Microline® Service Center program 
helps you streamline your files by converting them to a 
Microline card file system. 

With a Microline card file system, all your drawings will be 
right at your finger tips. You save space, too! Up to 95% of 
your filing and storage space can be put to more productive use. 

And you can gain all these advantages without investing 
capital! Your local Microline Service Center handles all 
filming, processing, unitizing, indexing ...can make micro- 
film duplicates or enlargement prints for pennies. Your 
Service Center will lease you microfilm readers, too, if you 
wish. Every Service Center is staffed by experts trained to 
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Microline Products, Ozalid Division of General Aniline & Film Corp. 
Microline in Canada, The Hughes-Owens Company, Limited, Montreal. 
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help you set up the unitized card file system best suited to 
your needs. 

Your expense is low. There’s no need to train new personnel 
or provide extra space for darkroom or equipment. Changes 
in your business can be accommodated easily. And all work 
is done locally, to save you time. 

Small firms can enjoy the benefits of a microfilm drawing- 
control system for the first time. Large companies can ex- 
periment without large cash outlays. 

So, get your print files in hand! Mail the coupon below . . 
today! You'll get the full Microline Service Center Story, the 
name and address of your local center ...and a dramatic 
demonstration offer at no cost or obligation 


MICROLINE PRODUCTS 
OZALID, DEPT. K-2 
JOHNSON CITY, N.Y 


Please send me the name and location of my local Microline 
Service Center. Also, the booklet giving the complete Microline 
story and containing a free demonstration offer. 


Firm 

Position 

Address 

City State 


| 
| 
| 
| 
| 
| Name 
| 
| 
| 
| 
1 


ts 
wt 









vacuum, differential pressure, flow 


Let nad me DUTY hilal)(: trite) a3 and liquid level. Instrument can sense 


pressure increments as small as 0.003 


control your power requirements mee ot 


Relay-power unit. which operates at 

110 volts a-c, makes use of interchange- 

able plug-in circuit cards. Individual 

Hevi-Duty Saturable Reactors are used for the 
manual or automatic control of power to a load. 
Loads such as electrically heated equipment, : eee % 
motor starting circuits, test boards and many other available in 5 models designed for 
industrial power uses are ideal applications. from 1 to 5 contact points. Meriam 


load relays are fully enclosed and have 
DPDT switching action. Units are 


By changing the magnetic characteristics of the Instrument Co., 10743 Madison Ave., 
reactor core, the impedance can be varied by Cleveland 2. Ohio. —>538 
means of a direct current control winding. This 
feature provides: 


1. Stepless control in the AC power circuit. QUICK-RELEASE FASTENER 


2. A wide range of control with smooth and Particularly suited for the aircraft, 
even adjustment over the entire range. missile and electronic fields, Pres-Loc 
Small voltage drop in reactor at full satu- fasteners can be used for securing in- 
ration, permits 90% oi the line voltage to 
be applied to the load. 





The Hevi-Duty Reactor is a compact unit re- Ba 
quiring a minimum of mounting space and is . 
sturdily constructed to give years of dependable locked 
service. Each reactor is rigidly tested to meet 
or exceed NEMA Standards. If you have a 
Saturable Reactor application, Hevi-Duty engi- 
neers will be glad to design or assist you in 
selecting the proper size for your particular ap- 
plication. For additional information on Hevi- 
Duty Saturable Reactors, write for Bulletin 500 
today. 





HEVI-DUTY ELECTRIC COMPANY 


WEAT TREATING FURNACES HEV FY ftectaic exciusivery 


ORY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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re 


spection ports, modular units, panels 
and all other sections requiring quick. 
simple installation and removal. Re- 
quire no tools to lock or to unlock. 
Deutsch Fastener Corp., P. O. Box 
61072, Los Angeles 61, Calif. 539 








D-C TO A-C TRANSVERTERS 


Featuring high power-to-weight ratio, 





arce-free operation and long life service. 
Model MAC-6-30-1 d-c to a-¢ transverter 
(right) is designed with a 6-volt battery 
input voltage, 150 watts max fixed load 
output va, and 115 volts-60 cycles out- 





























put voltage and frequency. enclosed in 
a8x 5! x 3 in. high. 7 lb hermetically 
sealed case. Model MAC-12-20-1 has a 


LOW CURRENT 12-volt battery input voltage, 170 watts 


POWER SUPPLIES . . - 
2 KVDC—30 KVDC fixed load output va, and 115 volts-60 


peatasuires ee open — me frequency, en- 
PAPER & MYLAR i closed In same sty e case. 

CAPACITORS = i é Model MAC-12-30-2 (left) is de- 

' — _ signed with a 12-volt battery input volt- 

age, 250 watts max output va, 10 per 

cent regulation. and 115 volis-60 cycles 

(Continued on page 242) 
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The Human Eye, Nature's inspiration 
for the camera, can convert wavelengths 
of blue-green light measuring as little as 
400 microns into visual perceptions that 
are truly life-size. Yet this entire human 
mechanism occupies space less than 1” in 
diameter. 


Miracles in Miniaturization © ... 


The Smaller The Better is often com- 
pletely true. Engineers now know that minia- 
turization is the surest method of developing 
new or improved components for many of the 
latest developments in modern industry. But, 
as components become smaller, the problems 
of maintaining high precision and long service 
and the call for MPB 
bearings constantly increases. MPB answers 


life become larger 


FEBRUARY 1959 


Tiny New Potentiometer, shown 
actual size, is designed to add space- 
saving precision to missile and aircraft 
servo mechanisms. Two MPB bearings in 
it assure accurate, low-torque shaft rota- 
tion a vitally important benefit in sub- 
miniature components. 


with the most experienced engineers in the 
miniature bearing industry, and advanced re- 
search facilities . .. producing over 500 types 
y,” O.D. down, 
with specials as required. We welcome your 
request for engineering advice, our catalog, 
or both. 

Write Miniature Precision Bearings, 
Inc., 602 Precision Park, Keene, N.H 


and sizes of bearings from 
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Man With Miracles. This is Maurice 
Hebert, one of MPB's Sales Engineers 
He'll personally help you choose the cor- 
rect MPB bearing to reduce friction and 
increase the precision of your instruments 

while keeping your operating costs low 


with trouble-free service 


MINIATURE PRECISION 
BEARINGS INC 


Helps you perform miracles 


n miniaturization 








spe 


Models 


Eleven Standard 


ify 


EXCLUSIVE! Contact Combinations on 
New Ohmite Relays are MOLDED 


Model TT 
6PDT 


Permanence and ease of 
adjustment of the indi- 
vidual contact springs 
are the result of a revolu- 
tionary, new innovation 
found in two new Ohmite 
Relays—Models TT and 
TS. This innovation is 
the unique ‘‘Molded 
Module’’* contact spring 
construction. The 
“module” is a standard, 
single-pole, double- 
throw spring combina- 
tion molded into a single 
compact assembly. As 
many as six modules can 
be incorporated into a 
single relay. 

*(Pat. Applied For) 





OHMITE™ 





Typical Relay 
Enclosures 


QUALITY CONSTRUCTION —all Ohmite relays embody the same 
meticulous engineering, strict quality control, and generous use of high- 
quality materials which have made Ohmite components the standard 
of the industry. Parts are plated where necessary for corrosion resist- 
ance. Springs are of nickel-silver or phosphor-bronze. Contacts are fine 
silver. Special contact materials, such as silver, tungsten, palladium, or 
gold alloy, can be supplied. Protection against humidity and moisture 
is paramount and is accomplished in layer-wound coils, through com- 
plete sealing with cellulose-acetate. Relays are available in a wide range 
of coil operating voltages and contact combinations in both AC and 
DC types. 

65 TYPES IN FOUR STOCK MODELS —roy fast service, four popular 


models in the Ohmite relay line are carried in stock in 65 types at the 
factory, and by Ohmite Distributors from coast to coast. 
HERMETICALLY SEALED AND DUST-TIGHT RELAYS 


You can 
specify many of the basic Ohmite relays in nonremovable, hermetically 
sealed enclosures for applications requiring complete relay protection. 














Relays for Reliability 








o> 
os 
oOo Fe. 
= By , 4 Relays with Special 
i nd Construction 


These high-quality relays are sealed in seamless steel enclosures which 

are exhausted and filled with dry, inert gas under control of Ohmite 

engineers. Ohmite hermetically sealed relays are available with either Write on company letterhead for Catalog 
plug-in or solder terminals. Relays are also made with nonremovable and Engineering Manual 58. 

dust-tight covers and removable dust covers. 


(R) 
RELAYS WITH SPECIAL CONSTRUCTION—Ohmite relays are avail- 
able with special terminals or special construction, such as relays with 
push-on or screw terminals, relays with binding-post terminals. Where 


quantities warrant, Ohmite will manufacture relays made to your 
specifications. Ohmite can furnish not only special terminals, special MANUFACTURING COMPANY 
contact combinations, contact materials, and coils but also special 3613 Howard Street, Skokie 
enclosures, connectors, impregnation, or frames. Ohmite relays can 
be engineered to meet your special pull-in, drop-out, or time-delay 
requirements. 


, Illinois 


RESISTORS RELAYS TAP SWITCHES 
RHEOSTATS TANTALUM CAPACITORS 


For your special or unusual relay applications, let Ohmite’s experienced R.F. CHOKES VARIABLE TRANSFORMERS 
engineers help you work out the best solution. DIODES 
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output voltage and frequency in a 4%4 
x 57% x 7 in. high, 16 lb case. All 3 
models have hermetically sealed por- 
Freed Transformer 
Weirfield St. 

— 540 


celain terminals. 
Company. Ine., 1730 
Brooklyn 27, N. Y. 


SHAFT-POSITION ENCODER 


Model C-701 shaft-position encoder, de- 
signed to operate under extreme ranges 
of environmental conditions, provides up 
to 1024 positions per shaft rotation and 
features high resolution and accuracy. 
This sealed unit, utilizing O-ring seals 
on the shaft and case, will operate in 
the range —65 to +162 F and con 
forms to MIL-STD specifications for 
humidity, salt spray and _ vibration. 
Utilizes brush contacts composed of 
precious metal alloys designed to pro 
duce the original accuracy, resolution. 
and phasing in spite of accumulated 
effects of wear. Nom readout speed and 
scanning rate limited only by readout 


equipment. Unit is 442 in. long x 5 in. 
diam, weighs 17 oz. Datex Corp., 1307 
S. Myrtle Ave.. Monrovia, Calif. +541 


MINIATURE TOROIDAL UNITS 


Toroidal inductors in miniature size 
include units that cover the range of 
1 mh to 17 henries, with a_ useful 
frequency range of trom 60 cps to 50 
ke per sec. Series 784 inductors meas- 


ure only 1%6 in. diam x *%4 in. high, 
weigh only 2.3 oz and are designed 
for printed circuit boards or stacking 
on a single screw for chassis mount- 
ing. Units are built to withstand severe 
shock and temperature conditions, are 
fully encapsulated and meet the MIL- 
E-5272 and MIL-T-27A specs. 

Another toroidal unit is the Series 
535 miniature 1.0 watt toroidal power 
transformer for low 


power applica 


\ 


New ... Revolutionary 


BLIND FASTENER with THREADS 


4 


JACK | 
NUT | 


The ONLY Blind Fastener 
Which Grips ANY Material 
From 0” to 3/16” Thick 


MOLLY JACK NUT 
IS EASY TO INSTALL 


tions of similar design and character- 
istics. Primary voltage 115 volts, 400 
cps; secondary from 1 to 100 yolts. 
Arnold Magnetics Corp.. 4613 W. Jef- 
ferson Blvd.. Los Angeles 16, Cali- 
fornia, — 542 


SOLDER AND FLUX 
FOR TITANIUM 


Curtisol filler metal is a special soldet 
developed for titanium and _ titanium 
base alloys. Has flow temperature be- 
tween 1300 and 1400 F (depending on 
the exact composition). joints with ten- 
sile strengths of greater than 40,000 psi 
can be made with torch soldering. Can 
also be used for short-time vacuum 
furnace or inert atmosphere brazing 
without flux. 

Curtiflux fluxing agent. specifically 
compounded for low temperature silver 
solders, melts at about 1000 F and can 
be heated to 1500 F without decompos- 
ing, sputtering, or balling up. Remains 
translucent at the working temperature 
of the silver solder, allowing observa- 
tion of the bonding process. Wetting ac- 
tion of the flux results in an improved 
“feathering out” of the solder on the 
titanium surface and flux is easily re- 
moved with water-acid dip. Curtiss- 
Wright Corp.. Research Div., Dept. 120. 
— 543 


(Continued on page 244) 


Quehanna, Pa. 


If you want paper with 
CONTROLLED 
/N = hol @) a 4=) =) 1 On 4 


MOSINEE 


will make it to your 
EXACT SPECIFICATIONS 


ACTUAL SIZE OF 
SMALLEST JACK NUT 


Insert Jack Nut 

ant hole. Needs 
only &" expan- 
sion space. 





Ask Your Industrial Distributor or 
Write for FREE Brochure 


230L N. Sth St. Reading, Pa. 





Run in screw to 
collapse spider 

2 anchor backing 
by exerting pull 
on threads. 


Jack Nut now is 
penny and 


feady to receive 
attachment 
screw. 
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for complete information write 


Oe i a 
PAPER MILLS COMPANY 


Mosinee, Wisconsin 
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NEW MODEL 122A 


Here at last is a 200 KC oscilloscope—priced at just 
$625—giving you “‘big-scope” versatility and the 
time-saving convenience of simultaneous two-phe- 
nomena presentation. 


Engineered to speed industrial, mechanical, medical 
and geophysical measurements in the 200 KC range, 
the new @ 122A has two identical vertical ampli- 
fiers and a vertical function selector. 


The amplifiers may be operated independently, dif- 
ferentially on all ranges, alternately on successive 
sweeps, or chopped at a 40 KC rate. 


Other significant features include universal opti- 
mum automatic triggering, high maximum sensi- 
tivity of 10 mv/cm, 15 calibrated sweeps with ver- 
nier, sweep accuracy of +5% and a “times-5” ex- 
pansion giving maximum speed of | psec/cm on the 
5 usec/cm range. Trace normally runs free, syncing 
automatically on 0.5 cm vertical deflection, but a 
knob adjustment eliminates free-run and sets trig- 
ger level as desired between —10 and +10 volts. 
Rack or cabinet mount; rack mount model only 7” 
high. 


For complete details, write or call your @ repre- 
sentative, or write direct. 


HEWLETT-PACKARD COMPANY 
5140M PAGE MILL ROAD * PALO ALTO, CALIFORNIA, U.S.A. 
CABLE ‘‘HEWPACK'' * DAVENPORT 5-445] 

FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 








BRIEF SPECIFICATIONS # 122A 


Sweep: 15 calibrated sweeps, 1-2-5 sequence, 5 Usec/ 
cm to 0.2 sec/em, accuracy 5%. “‘Times-5'’ expand- 
er, all ranges. Vernier extends 0.2 sec/cm range to 
0.5 sec/cm. 

Trigger selector: Internal + or —, external or line. 
Triggers automatically on 0.5 cm internal or 2.5 v 
peak external. Displays base line in absence of signal. 
Trigger level selection —10 to +10 v available when 
automatic trigger defeated. 


Vertical Amplifiers: Identical A and B amplifiers, 4 
calibrated sensitivities of 10 mv/cm, 100 mv/cm, 1 
v/cm and 10 v/cm; +5% accuracy. Vernier 10 to 1. 
Balanced (differential) input available on all input 
ranges. With dual trace, balanced input on 10 mv/cm 
range. Input impedance 1 megohm with less than 60 
HEF shunt. Bandwidth DC to 200 KC or 2 cps to 200 KC 
when AC coupled. Internal amplitude calibrator pro 
vided 


Function Selector: A only, B only, B-A, Alternate and 
Chopped (at approx. 40 KC) 


Horizontal Amplifier: 3 calibrated sensitivities, 0.1 
v/cm, 1 v/em, 10 v/em. Accuracy 5%. Vernier 
10 to 1. 

Bandwidth DC to 200 KC or 2 cps to 200 KC, AC 
coupled. 

General: 5AQP1 CRT, intensity modulation terminals 
at rear, power input approximately 150 watts, all DC 
power supplies regulated 


Price: (Cabinet or rack mount) $625.00 


Data subject to change without notice. Prices f.o.b. factory. 





now offers 8 different precision scopes 
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FOR 
BETTER 


product appearance 


FOR 
FAST 


low cost assembly 








RECESSED TYPE 
Recess avoids clogging of 
threads by weld flow or spat- 
ter—no re-tapping. 


PILOT TYPE 

Provides quick, accurate position- 
ing. Pilot forms barrier preventing 
weld spatter in threads. 





t _ 


projection weld nuts 


Solve production delays—cut manufacturing costs. Fuse nut to the product in 
exact location. Engineered for assembly simplification. The welding of nuts to sub- 
assemblies permits the use of screws or bolts in the main assembly without the 
need for holding nuts from turning, cutting time and labor. 

Both types available with the patented M:F Two-Way® or famous M*F UNI- 
TORQUE® locking feature. 

M-F weld projections are uniform in height and volume of material to insure 
uniform electrical contact and result in clean, strong, dependable welds. 

M:F weld nuts are designed to give a 3-point bearing, eliminating rock and 
guaranteeing a uniform weld. 

Concealed fasteners for improved product appearance. 

Pre-attached fasteners in blind locations for faster, trouble-free final assem- 
bly . .. improve design . . . cut costs. 

Send for descriptive literature. 
MAC LEAN-FOGG LOCK NUT COMPANY 


5535 N. Wolcott Street, Chicago 40, Ill. 
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HIGH-SPEED POWER 
FLEXIBLE DRIVE SHAFT 
“High-Speed” power drive rubber- 
covered flexible shaft is recommended 
for use in transmitting power at speeds 
of 2 or 3 times the max speed recom- 
mended for the standard ball-bearing 





flexible shaft. Power drive shaft has a 
tight-wound flexible shaft 
high quality ball bearings at each end. 
Couplings are bored to fit the particu- 
lar application. The High-Speed shaft 
is available in 3 sizes with max recom- 


core and 


mended speeds as shown: 


Vax speed, 


Core diam, 


Vodel in, rpm 
LOHSP 38 6900 
50HSP 4, 6900 
63HSP 5% 5750 


Stow Manufacturing Co.. 9 Shear St.. 


Binghamton, N. Y. — 544 


FUSION-SEALED GLASS 
CAPACITOR 

CYF capacitor designed to give con- 
tinued peak performance under moist 
or corrosive conditions employs two 
new features to meet military demands 
for reliability in adverse environments: 
(1) glass-metal seal 
joins the body of the capacitor, and 
(2) fusion seal around the perimeter 
of the capacitor to make it impervious 


where the lead 


to moisture. 

Has a capacitance range to 240 pyf. 
a d-c working voltage up to 500 at 125 
C, and meets all requirements of MIL- 
C-11272A. Copper-clad leads are used 
to give a true glass-to-metal seal where 
the lead joins the capacitor body and 





ELECTRICAL MANUFACTURING 























Solving switch problems fast... 





your job...and Centrale Ly 






Series 100: '%.” diameter 
Rating: 0.5 amp. at 6 VDC, 
100 ma at 110 VAC 
Breakdown: 750 V. R.M.S. 
Up to 12 positions/section 






Series 20: 1%.” diameter 
Rating: 2 amp. at 15 VDC, 
150 ma at 110 VAC 

Breakdown: 1500 V. R.M.S. 
Up to 12 positions/section 


Your switch problems can be solved quickly and 
efficiently at CENTRALAB. No matter how unusual 
or difficult the switch, you can get samples fast, 
quotations fast, and production fast! This is a 
result of years of specialized experience and 
superior facilities for designing and manufacturing 





Series 275: 14%” diameter 
Rating: 2 amp. at 15 VDC, 
150 ma at 110 VAC 

Breakdown: 1500 V. R.M.S. 
Up to 23 positions/section 


a wide variety of switch types. 








Typical of the extensive range of units available 
to you are the four CENTRALAB ceramic section 
switches shown here. These switches, and many 
others, are also available with phenolic sections, 
for economy applications, or where a larger num- 
ber of positions is required. 


DESIGN AIDS FOR ENGINEERS 


CENTRALAB’S unique Switch Visualizer, which 
simulates actual switch operation, will help you 
simplify and speed up switch design. Used in 
conjunction with our detailed layout sheets (avail- 
able for all CENTRALAB switch types), they greatly 
facilitate your job in switch design (and ours, too). 





Series 230: 3%” diameter 
Rating: 25 amp. at 6 VDC, 
7% amp. at 110 VAC 
Breakdown: 3000 V. R.M.S. 
Up to 24 positions/section 


Write for them today—along with a copy of 
CENTRALAB Switch Catalog 42-405. 


A Division of Globe-Union Inc. 
96?- E. KEEFE AVE. e MILWAUKEE 1, WIS. 
a In Canada: 804 Mt. Pleasant Rd., Toronto 12, Ont. 
R ® A 


P-5917 


VARIABLE RESISTORS ¢ ELECTRONIC SWITCHES » PACKAGED ELECTRONIC CIRCUITS + CERAMIC CAPACITORS ¢ ENGINEERED CERAMICS 
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CLEVELITE’ 


PHENOLIC TUBING AB 


Gg. Liars 








SLEEVES 


a < 


¥ ...has the Electrical and Physical Qualities in the 
y size...in the shape... 


YOUR DESIGN REQUIRES! 
ELECTRICAL PHYSICAL 










features: 


@ Unaffected by Oils and 
Solvents 


% 
@ Non-tracking and Insula- @® Mechanically and struc- 
tion Resistance turally strong 
Dielectric Strength up to ® Easily punched, sawed 
250 v.p.m. and machined 
8.000’’; wall thicknesses 


features: 


@ High Heat Resistance over 
250° F. continuous 





Low dielectric loss factor @ Diameters from .090"" to | | 
from .0075"’ to .250°’ 


Molded nylon coil forms are also available in 
8/32 and 1/4-28 core sizes. 
Write for latest CLEVELITE brochure and samples. ‘ 
CLEVELITE will make your product 
BETTER and at LOWER cost! — 


*Reg. U.S. Pat. Off. 


Low moisture absorption 




















PLANTS & THE 
SALES OFFICES: 


CONTAINER 

CANADA iTO 

CLEVELAND TORONTO & 
cHICAGO CLEVELAN | CONTA H t A pores 
memrns co SALES OFFICES: 


CLEVELAND 


GELES 
PLYMOUTH, WIS 
JAMESBURG NJ 
FAIRLAWN NO 


NEW YORK 
WASHINGTON 
MONTREAL 


6201 BARBERTON AVE. + CLEVELAND 2, OHIO 


ABRASIVE O'IVISION at CLEVELAND. OH'I0 








REPRESENTATIVES 
NEW ENGLAND R S. PETTIGREW 4&4 COMPANY CHICAGO McFARLANE SALES COMPANY 
10 N. MAIN ST... W HARTFORD, CONN 5950 W. DIVISION ST., CHICAGO 
NEW YORK THE MURRAY COMPANY, 604 WEST COAST COCHRANE-BARRON CO. 544 
CENTRAL AVE, E ORANGE, N J S. MARIPOSA AVE. LOS ANGELES 
PHILADELPHIA MIDLANTIC SALES COMPANY CANADA PAISLEY PRQOUCTS OF CANADA, 
9 E ATHENS AVE ARDMORE, PA LToO., BOX 159 STATION al] TORONTO 
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also provide improved solderability and 
resistance to high-frequency vibration. 
Corning Glass Works, Corning. New 


York. — 545 


SUBMINIATURE 
VARIABLE RESISTOR 


Model 3 Radiohm subminiature variable 
resistor, internally redesigned to  in- 
crease its rating from 14 to 1% watt. 
utilizes Centralab’s Interfused Composi- 
tion Element to provide exceptional 





~~ 


heat dissipation and electrical stability 
under the most severe operating con- 
ditions. Recommended for  high-tem- 
perature operation in military and com- 
mercial equipments and is now available 
in values from 25 to 500 k. linear taper. 
Meets MIL-R-94B resistance change re- 
quirements and also meets or exceeds 
MIL-R-94B for moisture resistance. 
thermal cycling. ete. Completely en- 
closed case can be sealed or potted, 
Centralab, Div. of Globe-Union. Inc.. 
900 E. Keefe Avenue. Milwaukee 1. 
Wisconsin. — 546 


SHAFT-MOUNTED DRIVE 


Size 315GJ  all-steel 
drive, with increased torque rating of 
41.000 Ib-in. at the low speed shaft with 
a ratio of 25:1. covers a range of ap- 


shaft-mounted 


plications from 3 hp at 5 rpm to 30 hp 
at 50 rpm. Features include: extra- 
depth, high pressure angle helical gears 
with 12-15 per cent greater load-carry- 
ing capacity and max mechanical efh- 
ciency than ordinary helical gears; all 
steel three-wall housing to maintain 
rigid alignment of revolving elements 
and to withstand external impact; in- 
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: 





Sola’s Standard-type Constant Voltage Transformer, mounted at right of control cabinet, 
supplies regulated input voltage for dependable operation of Hurletron printing register control. 


Equipment delivers full-efficiency performance 
with input voltage Sola-regulated within +1% 


Built in or added as an accessory, Sola Constant 
Voltage Transformers permit voltage-sensitive equip- 
ment to operate at full efficiency. Variations in line 
voltage as great as +15% are stabilized to within +1% 
of equipment nameplate voltage. This eliminates per- 
formance variations and failures caused by irregular 
voltage—highs, lows, or most transients. Sola-regulated 
input voltage also gives tubes and other components the 
correct electrical environment for full life. 


The Sola Constant Voltage Transformer is a static- 
magnetic regulator whose action is automatic and virtu- 
ally instantaneous—it responds to variations in input 


voltage within 1.5 cycles. It has no tubes or moving parts 
and requires no manual adjustments or maintenance. 


The Standard-type CV illustrated is only one of a 
complete line of Sola voltage regulators having wide 
application in electrical and electronic devices. Such 
special types as harmonic-free, filament, plate-filament, 
and adjustable harmonic-free transformers all provide 
the benefits of regulated input voltage. More than 40 
models of these economical, compact regulators are 
available from stock. Sola also manufacturers custom 
designed units (in production quantities) to meet 
special needs. 


For complete data write for Bulletin 68-CV-170. 






DIVISION oO F 
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BASIC PRODUCTS 
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Sola Electric Co., 4633 W. 16th St., Chicago 50, II!., Bishop 2-1414 @ Offices in principal cities © In Canada, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 18, Ont. 
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MD pres-SURE-blocks — DESIGNED for 
QUICK Assembly and EASY Changes 






ANY NUMBER OF CIRCUITS—compact 
pre-assembled sections of 20 circuits 
(only 1-1/8” wide x 63/64” high)— 
no need to handle single pieces, 
just pull off or add groups of 
circuits as needed. Merely 

snap on a single end sec- 

tion to complete block. 


LARGER . w \ 
CAPACITY IN . 
LESS SPACE a Ve \ 


#22 thru #8 
(or equivalent 
combinations) ; 
conservatively 


HAND ASSEMBLED without fixtures or 
hardware: only 2 parts to handle, con- 
tact sections and end section; 
Bs mounting screws required only 
rated at 750 every 12 circuits; channel 
volts; _contacts mounting also available; 
on ‘is centers; choice of integral or sep- 
3 types of con- arable marking strips. 
tact sections for 
stripped or ter- 
minal-ended 
wires (can be 
combined in 
single block). 














LENGTHEN 
IN SERVICE 
without remov- 
ing mounting 
screws or los- 
ing any contact 
space. 


USE FEWER CIRCUITS by 
grouping common wires in tubu- 
lar contacts—decrease jumper- 
ing; eliminate unused contacts. 


ELECTRICAL PRODUCTS 
CORPORATION 
HILLSIDE, WN. J. 


MD 


Buchanan 
pres-SURE-block gives 


The 





greater economy and 
maximum flexibility to 
the installation, wiring 
and field servicing of 
terminal blocks. 


For detailed information, 


GASACCUMULATOR CANADA, LTD 
12 GOWER ST., TORONTO 16, ONT 
Export 
PHILIPS EXPORT CO 
100 E. 42nd ST., NEW YORK, N.Y 
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write for Bulletin M-2. 
In Canada a 


af 


| 


spection covers to check gears and bear- 
ings and dipstick for quick check of 
oil level. Falk Corporation, 3001 W. 
Canal St., Milwaukee 1, Wise. —>547 


CORE-TRANSISTOR 
SHIFT-REGISTER ELEMENTS 
Elements are packaged in a tiny “thim- 
ble” case which measures 0.75 in. diam 
x 0.88 in. weighs 0.40 oz. 
Compact design was achieved by rais- 


long and 


ing the efficiency of the core-transistor 





circuit and lowering the driving power 
to 10 mw per bit-storage element. 

Rated operating frequency ranges are 
0-25 ke, 0-50 ke and 0-250 ke, with 
exceptionally high signal-to-noise ratios 
of the order of 30:1. These shift regis- 
ters require only a single 6- or 12-volt 
unregulated power supply of very low 
power. 

Complete line includes 12 different 
shift register elements and 6 companion 
shift devices, as well as complete thim- 
ble-register assemblies. DI-AN Controls, 
Inc., 40 Leon St., Boston, Mass. —>548 


MULTIPLIER PHOTOTUBE 


Head-on type 10-stage multiplier photo- 
tube has improved photocathode char- 
broad 
sensitivity, 


acterized by range, 
high dark 


current, and high conductivity even at 


response 
low thermionic 
low temperatures. 

Spectral response of the 7326 covers 
the 3000 to 7500 
Angstroms, with max response at ap- 
prox 4200 Angstroms. Response extends 


range from about 
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Side elevation of secondary bus system, using round tubular copper bus conduc- 


tors, 244" S.P.S., in unused plant tunnel. The run is approximately 275 feet long 


Round copper tube bus carries more amperes per 
pound of copper—cuts installation costs 





When a large eastern electrolytic refinery recently shifted to 
purchased electric power, it capitalized on the electrical and 
mechanical advantages of round tubular copper bus conduc- 
tors to effect some economies 

Directly below the 10,000 kv-a outdoor substation was an 
unused coal conveyor tunnel that ran some 275 feet back to 
the former powerhouse. In this, the secondary bus system 
using 2.3-kv high-conductivity bus tube, 24” S.P.S., was 
installed as shown in the drawings. 

These round conductors, having an extremely low skin- 
effect ratio (1.01) can carry well over 300 amperes per 
pound of copper—compared with less than 275 amperes per 
pound for rectangular bus of the same cross-sectional area. 

In addition to this material saving, round conductors in 
standard pipe sizes made possible installation savings through 
the use of stock-size supports, connectors, and other hardware. 

Substantial savings are often possible through the use of 
a tubular bus with a low wall-thickness-to-diameter ratio. 
More complete information on tubular conductors is avail- 
able in the Sixth Edition of The American Brass Company's 
Publication C-25. This 62-page booklet has a wealth of gen- 
eral information on the properties of copper conductors—plus 
convenient data for the most commonly used sizes of all types 
of rigid bus conductors. 

TECHNICAL SERVICES. Anaconda specialists are available to help 
vou in the solution of technical problems involving the use of 
Anaconda Bus Conductors. For such service, or for a copy of 
Publication C-25, see your nearby Anaconda representative 
Or write: The American Brass Company, Waterbury 20, 
Connecticut. In Canada: Anaconda American Brass, Ltd., 
New Toronto, Ontario : 


i) 
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CONVEYOR 
TUNNEL 





End elevation of tunnel showing how bus conductors are mounted 
on either wall, covered by a simple expanded metal enclosure 


ANACONDA’ 


COPPER CONDUCTORS 


Made by The American Brass Company 


THERE'S AN ANACONDA ELECTRICAL CONDUCTOR FOR EVERY NEED 


WIRE & ROD 


FLAT BARS 
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beyond the visible region of the spec- 

y We S Better trum into the blue region on the one 
y eee end and well into the red region on 

the other. Design features include an 
in-line dynode-stage structure. a_ flat 







faceplate. and a focusing electrode 





GREATLY 
ENLARGED 


end of Varglas Sili- 
cone Rubber Tubing 
shows design that 
permits knotting, 
bending and twist- 
ing to meet extremes 
of temperature 
while retaining its 
dielectric strength. 


having an external connection. Radio 
Corporation of America. Electron Tube 
Div.. Harrison, N. J. — 549 









PRECISION POTENTIOMETERS 
Type 757 potentiometer with flush 
clamp band. all welded taps and ter- 
minals, is available with four basic de- 




















SILICONE RUBBER © 
Tubing and Sleeving 





sign variations in 1%4 in. diam. Type 
757C, for linear or non-linear applica- 
tions, uses a card winding. Type 757M, 
































Soe é 
WON'T CRACK, PEEL « 
OR CRAZE 





GREATER FLEXIBILITY 











which utilizes a mandrel winding for 


RETENTION 


eeeeeeceseseeesseeeseeee.. linear applications, can be ganged in 





combination on a single shaft. Up to 8 





cups can be ganged on a single shaft 
by an external flush clamp band with- 
out increasing the overall diameter of 


LONG LIFE CUTS = 
REPLACEMENT COSTS ~ 


/ 
2 
3) Wow omzcrnc 
G 


. 





the units. Servo type mount is standard. 





Operating ambient temperature range 
for standard units is from —55 to +-85 


VIVID COLORS FOR ene” 
5 READY IDENTIFICATION 








C. Resistance range in Type 757C is 
from | to 300 k ohms and in the Type 
757M from 1 to 250 k ohms. Standard 
linearity is +0.5 per cent in the Type 





THERMAL PROPERTIES: CHEMICAL INERTNESS: 

Heat aging: 1000 hrs. at250°C Has good resistance to all oils, 
without appreciable change in alcohols, dilute acids and alka- 
physical or dielectric properties. _lis. Fine water resistant qualities. 


FLAMMABILITY : FLEXIBILITY: 
Self-extinguishing, when tested Unaffected throughout life of 
in accordance with ASTM and Tubing. Stays flexible from 
NEMA procedures. (NEMA Ac- minus 90° F. to plus 600° F. 


ae ee. FUNGUS RESISTANCE: 

ABRASION RESISTANCE: Inert. No fungus growth was 
Durable and extra tough. With- visible at 40 x magnification 
stands unusual rough handling after 28 days incubation under 
at all time: “ideal” surroundings. . 


757€C and +0.25 per cent in the Type 
757M. Fairchild Controls Corp.. Com- 
ponents Div.. 225 Park Ave.. Hicksville. 
ae a — 550 


MINIATURE BAND 
PASS FILTERS 


Line of filters for use at audio and 
high frequencies includes miniaturized 
band pass filters in a wide range of 
frequencies with impedances from 50 
to 10 k ohms. with a different input : 
and output impedance available for 
matching purposes. Feature low ripple. 


Twist, bend, wrap or knot it and this tubing remains : mt 
with min insertion loss and attenuation 


pliable and efficient, even under the most severe 


operating conditions. Send for free samples today. in the pass band. and high attenuation - 


in the stop band. The BF-101 filter 





VARFLEX SALES CO., INC. 
309 N. Jay St., Rome, N.Y. 





Please send me sample with Bulletin and Prices. 


SALES CO., INC. 



















- Name 
Luulation }) - 
SPECIALISTS 
Rome, N. Y. ee sia ct 
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a , 4 
of time intervals in sequence : : 
it’s time you checked 2 \s 
| ryye \ 6 ' 
the Soreng Timer a 
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If your development pro- 
ject or present production 
requires an interval timer 
for programing an auto- 
matic washing-machine, 
dryer, dish-washer, win- 
dow fan, etc., then now is 
the time for you to check 
the Soreng Timer ...and 
investigate the advantages 
of custom-engineered tim- 
ers at low mass produc- 
tion prices. As a starting 
point, let us consider some 
of the characteristics of 
THE SORENG TIMER. 





about the SORENG timer 


Eight double-throw switches with off position. Axial Tandem or lateral motor drive arrangement. 
manual shaft on-off switch, available in out-off 


hea Stepping control mechanism is simple in design and 
or out-on position. Pping Pp g 


ruggedly constructed. 

Will control up to 20 different circuits. 

In keeping with the Soreng policy of engineering prod- 
ucts to our customers’ specifications, the timer char- 
: oaeee acteristics provide ample latitude for your specifica- 
Rating: To customer specifications. tions to be incorporated into the basic design. For further 
Choice of bullet or spade type terminals. data, drawings and our “Timer Cycle Analysis Form,” 
write for Bulletin SL-10 on Tandem Timers and Bul- 
letin SL-9 on Lateral Timers... it’s the next step to 
custom-engineered timers at mass production prices. 


Short interval circuits can be provided for spray 
or signal purposes. 


Manual control shaft 44” dia. with threads, flats, etc., 
to your specifications. 


Clockwise rotation providing indexing of 36, 45, 
50 and 60 distinct positions. 


Accuracy is obtained by synchronous timer motor. 






3, \ Timer Bulletins 
\ — SL-9, SL-10 


CONTROLS COMPANY OF AMERICA 


9551 Soreng Avenue Schiller Park, Illinois ae ® 
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The Advance type SV Sensitive 
Relay (shown at right) is 1%.” high 
x 2%" long x 26” wide. Also avail- 
able is the type SO Miniature Sen- 
sitive Type, 1%” high x 1%” long 
x 1%" wide. 





SPECIFICATIONS 


Coil resistance: From .005 Ohms at .005 volts DC to 
40,000 Ohms at 14.0 volts DC. 


Nominal power required: Factory adjusted at .005 watts. 


Contact rating: 1 amp resistive, .5 amps inductive at 115 
volts AC or 26.5 volts DC. 


Contact arrangement: SPDT only. 





Advance type SV relays are 
ultra-sensitive, yet durable— 
dust-tight, yet fully adjustable. 
Contacts and all working parts 
are protected by a transparent 
molded plastic cover. 


Sensitivity can be adjusted 
from the 5-milliwatt factory 
setting by turning the vernier 
screws. Use the type SV in 
any DC circuit where power 
consumption is limited to a 
few thousandths of a watt. 








Available from leading distributors 
WRITE FOR COMPLETE DETAILS 


Data sheets on the SV Sensitive Relay and the SO Miniature 
Sensitive Relay will be sent promptly. 





Dept 
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, ADVANCE RELAYS 


A PRODUCT OF ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY 


C, 2435 N. Naomi St., Burbank, Calif. 


(illustrated) is flat with % db from 
40 ke to 310 ke. Has an attenuation 
greater than 40 db at 450 ke and higher 
frequencies. Providing for an insertion 
loss of less than 34 db. this miniature 
filter maintains a constant impedance of 
50 ohms within the pass band. Control 
Electronics Co., Inc.. 10 Stepar Place. 
Huntington Station, N. Y. —551 


SLIDE-SWITCH 
KNOBS IN COLORS 


Molded plastic knobs in 9 colors for 
the complete line of 17 Stackpole slide 
switches lend decorative appeal and add 
greater visibility to switch functions on 


@ @< 
See ® 


TV equip 
ment. instruments, toys and small mo- 
torized appliances. 

Slide switches with knobs 
are available in 1%4-, l-, and 3-amp. 125 
volt, UL inspected types. Features in- 
clude 1 to 4 poles with up to 4 posi- 
tions; momentary or maintained 
tact: gold-coated terminals in lug or 
printed-wiring types; 
as plunger-operated, spring-return and 
l-gang. Stackpole Carbon Co., Elec- 
tronic Components Division, St. Marys. 






radio and receivers. audio 


colored 


con- 


special types such 


Pennsylvania. —552 
TRANSISTORIZED 
TRANSIENT PROTECTOR 

Model N210 transistor transient pro- 


tector reduces high voltage transients 
appearing at a nom 28-volt power line. 
Load currents up to 30 amp max may 
be passed with a voltage drop of input 
to output of 1 volt. The clipping level 
of the input spike voltage (which may 
be an absolute max of 80 volts) is 35 


volts. Size of the unit is 2% x 214% x 
3% in. Alto Scientific Co., 855 Com- 
mercial St.. Palo Alto, Calif. — 553 





(Continued on page 254) 
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ESCO alternator powers 
new ultra-compact high-performance radar 


Based on an entirely new concept in radar design, this Raytheon 
“Mariners Pathfinder” radar is compact enough for use on the 
most modest pleasure cruiser, yet big enough in performance for 
the largest commercial vessels. Utilizing just two, simple units, it 
provides clear, steady displays up to 16 miles range. Rugged and 
reliable, it’s real sea-going equipment, built to operate in slashing 
northeasters, arctic ice and the heat and humidity of tropic seas. 


To provide a source of dependable, stable power for the “Mariners 
Pathfinder”, Raytheon chose a specially-designed ESCO motor- 
alternator. Operating from a 32V, 110V or 220V DC ship’s 
supply, this built-to-order inverter delivers a 115V 60-cycle AC 
output, regulated to +3V and 0.6 cycles over a 20% variation 
in input voltage. It’s designed for a minimum of 10,000 hours 

: trouble-free operation under extremely wide variations in tempera- 
ture, humidity, and pitch and roll conditions. 


Building special rotating electrical equipment to meet individual 
requirements has been a specialty at ESCO for almost half a 
century. Why not call on ESCO for the ideal generator or motor 
for your equipment, too? Write for design brochure today. 


ELECTRIC SPECIALTY CO. 


171 South Street, Stamford, Conn. ot | 4 


al) 
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HAZE LT NE relies on Photocircuits 


“Tuf-Plate’ plated-thru holes 


HEART OF ADVANCED 
AIRBORNE RADAR 


Strategic military decisions 
stem from reliable knowledge 
of an entire situation. To 
gather reliable information, 
our nation depends on airborne 
radar. 


Hazeltine’s universal radar 
indicator...the advanced 
AN/APA-125...displays signal 
data of many types: Submarine 
detection, AEW, IFF, AMTI, 
LAB, beacon and others. With 
this electronic plotting board, 
an operator can plot any tacti- 
cal problem and accurately 
interpret the solution for 
evaluation and action. 


For the compact, lightweight 
AN/APA-125, Hazeltine speci- 
fies space-saving, double-sided 
printed circuit boards with 
“TUF-PLATE” plated-thru 
holes by PHOTOCIRCUITS. 
Here is reliability never before 





possible in two-sided thru 
circuitry. 

“TUF-PLATE?” reliability is 
guarded by rigid process engi- 
neering controls, developed by 
PHOTOCIRCUITS and 
unmatched in the printed 
wiring industry. Proper design, 
precision production and 
advanced quality control 
techniques assure consistently 
dependable performance... 
often at lower cost. 


Get the detailed““TUF-PLATE” 
story today from PHOTOCIR- 
CUITS...the largest and most 
experienced manufacturer in 
printed circuitry. Write our 
Engineering Department PS-3. 


ia 








SILICON TRANSISTOR 
CHOPPER 

Model 70 silicon transistor chopper (or 
modulator) is an epoxy encapsulated 
unit designed to alternately connect 
and disconnect a load from a signal 


——— 


source. It may also be used as a de- 
modulator to convert an a-c signal to 
d-c and is capable of linearly switch- 
ing or chopping voltages over a wide 
dynamic range. Applications are in 
low-level voltage measurements, d- 
amplifier stabilization, high speed 
servomechanisms, thermocouple instru- 
mentation. and low level switching. 
Chopping frequency is d-c to 100 ke 
or higher. Driving voltage is square 
wave, 5-10 volts peak to peak. Solid 
State Electronics Co., 8158 Orion Ave.. 
Van Nuys. Calif. — 554 


PCWER RELAY 

Type R310 power relay (illustrated) 
has high switching capacity for rela- 
tively small coil power. SPDT. double- 
break contacts are rated at 10 amp 
resistive load at 125 or 250 volts a-c or 
10 amp 30 volts d-c L/R 0.01, 200,000 
operations. 


Standard coil resistance for 26.5 volts 
d-c operation, 425 +10 per cent ohms. 
Temperature range standard at —55 to 
1-85 C. Weighs 3 oz and is hermetically 
sealed. TDSH series time-delay rela, 
in SPDT and DPDT units with time- 
delay to 100 millisec standard and as 
high as 200 millisee also available. 

Contacts rated 5 amp resistive load 
at 125 or 250 volts a-c, 100,000 opera- 
tions: 4 amps, at 30 volts d-c for 50,000 
operations. Weighs 5 oz. Copper slug 
used on the polepiece to obtain delay 
acts as a low resistance shorted turn, 





@ Fidocreuts | 


Sten COVE, NEW YORK 














CABLE 


PHONES | 
PHOCIRCO 


GLEN COVE 4-8000 FLUSHING 7-8100 
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1750° F. 


From cold to glowing in 11 seconds... 
No problem for Incoloy wire mesh! 


Incoloy mesh makes possible new 
high speed gas conversion burner. 

Do you need wire mesh to en- 
dure this kind of severe operating 
condition? 

Here’s one that can: Incoloy* 
nickel-iron-chromium woven wire. 
This strong, corrosion-resisting wire 
mesh stays tough and withstands 
oxidation even at normal operating 
temperatures of 1900°F! 

For example, you can heat the 
light-weight Incoloy radiant ele- 
ment, shown above, much faster 
than ordinary ceramic elements. As 
for durability — a similar Incoloy 
heating band served through 3 heat- 
ing seasons and stayed good as new! 


Incoloy alloy is as ductile 
as it is durable 
You’ll like the workability of ductile 


Incoloy wire mesh ... it takes sharp 
bends easily, resists puncturing, 
tearing, abrasion. And it has excel- 
lent soldering, brazing, and welding 
properties. 


And low cost, too 
It’s priced so low you can often save 
right from the start. Its long service 
life means sure savings in the long 
run. 

So for a competitive edge, look to 
Incoloy mesh and other Inco Nickel 
Alloy wire cloth: Monel* nickel- 
copper alloy, Nickel, and Inconel 
nickel-chromium alloy. Each fills 
special needs with its own unique 
combination of properties. Ask your 
local supplier for details. 


R ( 1 trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street seo New York5,N.Y. 





You can readily convert a furnace o1 
boiler to gas operation with this high 
speed gas conversion burner developed by 


Abbott Equipment Co., Bellows Falls, Ver- 


mont. Its Incoloy mesh burner head radi- 
ates fast direct heat to the most efficient 
heating zone of a combustion chamber. 


INCO NICKEL ALLOYS 
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slowing down collapse of magnetic flux 
E. V. Naybor Laboratories, Inc., 26 
Manorhaven Blvd., Port Washington, 
u. ¥. — 555 


TEFLON INSTRUMENT 
TUBING 

Tubing in a variety of sizes meets all 
recognized military, SAE and ASTM 
specifications. Said to offer the follow- 
ing benefits: low permeability, ex- 
treme chemical and solvent resistance, 
suitability for vacuum and 
suitability for transmitting 
easy cleaning, ex- 
tremely high service temperature (500 
F), excellent electrical insulation prop- 
and non-contamination of a 
stream. Tubing will not wet out, can 
be sterilized easily, and is translucent 
for viewing streams. Pennsylvania 
Fluorocarbon Company, Inc., 1115 


N. 38th St., Philadelphia. Pa. 556 


pressure 
service, 


pressure surges, 


erties, 


HALL GENERATORS 


Siemens _ indium - arsenide - phosphide 
Hall generators produce a Hall voltage 
under load which is proportional to the 
magnetic field within 6.1 per cent. Re- 
producibility is better than 0.003 per 
cent and the temperature cofficient 


is only 0.02 per cent per deg C. 


Ihese probes are used for controlling 
and measuring magnetic fields where 
utmost accuracy and reliability are 
required. More than 10 standard in- 
dium-arsenide types are also available 
with 1 per cent linearity under proper 
load. The coefficient of 
indium-arsenide probes is 0.05 per cent 
G. R. Hennig, 157 S. Mor- 
gan Blvd., Valparaiso, Ind. — 557 


temperature 


per deg C. 


AUTOMATIC 
CYCLING SWITCH 


Current pulses of up to 10 amp are 
generated by cycling 
switch Model 24. Designed to operate 
from a nom 28 volts d-c and will de- 
liver a 15 cps square wave of 28 volts 


transistorized 


peak-to-peak suitable for driving step- 
ping motors, relays, or solenoid actu- 
ators. Unit is sealed in a 11% in. diam 
case and weighs approx 6 oz. 

Clean switching waveform with no 
radio noise generation is possible even 
with inductive loads. Absence of mov- 
ing contacts and compact construction 
provides for operation 
under extreme vibration. Crane Elec- 
tronics Co., 4345 Hollister Ave., Santa 
Barbara, Calif. — 558 


satisfactory 


N-P-N JUNCTION 
TRANSISTOR 


Alloy-junction transistor 2N647, of the 
germanium n-p-n type, is intended 
especially for use along with its p-n-p 
counterpart, RCA-2N217, in class B 
complementary-symmetry power  out- 
put stages of transformerless, battery- 
operated portable radio receivers, 
phonographs, and audio amplifiers. 
May also be used in conventional class 
B push-pull and in A audio- 
amplifier circuits. 

The 2N647 has a large-signal d-c 
current transfer ratio essentially con- 
stant over the operating current range 
to insure circuit linearity, a collector 
cutoff current of only 14 wamp to insure 
stable performance under varying am- 
bient temperature, and uniformity of 


class 








JMINUM PERMANENT | 











LD COMPANY 








FOR OUTSTANDING 


Designed 


for High Current 


ENGINEERING 


FOR ECONOMICAL 


PRODUCTION 


SPECIALISTS IN ALUMINUM PERMANENT MOLD 


AND SAND CASTINGS 


¢ Good design combined with well 
cast, economically produced aluminum 
permanent mold castings are the keys to 
volume sales and bigger profits in the 
electrical manufacturing field. . . . And 
our job here at Aluminum Permanent 
Mold is working with designers, engi- 
neers and buyers to produce castings to 
their specifications at the lowest cost 

consistent with top quality. 
Write for illustrated brochure. 





DESIGN ENGINEERS 
Get the facts on new so- 
lutions to your design 
castings problems. 











P.M. Electric 
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P.M. Street 
Light Base 
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P.M. Automatic 
Phonograph Base 


FINE CASTINGS, OF ANY SIZE, TO YOUR SPECIFICATIONS. 


ALUMINUM Permanent Mold Company 


GRAND RAPIDS, MICHIGAN 


1054 FRONT AVENUE, N. W 
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CURTIS 
Type “H” Terminal Blocks 


Conservatively rated at 75 amperes, 
750 volts, the Type.” is of famous 
Curtis built-up design and available 
(factory assembled) in any number of 
terminals from 1 to 30. It features 
high pressure solderless connectors 
for quick, low resistance connections. 
Accommodates AWG No. 8 to No. 4 
wire inclusive. 


Ask for Bulletin DS-120. 


Also learn about wide selection of 
other Curtis Terminal Blocks. 


Curtis 
Terminal Blocks 
make 
better connections 
economically— 
quickly. 

A type 
for every purpose. 


CURTA/S vtvetopment & MFG. CO. 4 


3222 North 33rd Street 


Milwaukee 16, Wisconsin 
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Why Skinner 4-way solenoid valves are 
used so widely for cylinder control 


Application: A longitudinal and a 
transverse slide in this Pratt and 
Whitney Electrolimit Jig Borer is po- 
sitioned automatically from numerical 
data on punched tape or manually by 
decade dials. When each slide has been 
correctly positioned it is held firmly by 
air-actuated, non-influencing clamps. 
Each clamp is controlled by a cylinder 
and a Skinner four-way V9 valve. 


Skinner V9 four-way valves, ac- 
tually two 3-way valves in one housing 
are offered normally closed-normally 
closed, normally open-normally open, 
and normally closed and normally 
open. Media: air, inert gases, hydraulic 
fluids and vacuum; orifices: 344” to 4”; 
NPT ports: 4”; pressure ratings: to 
250 psi. Over 350 basic variations. 


Features of standard valve did 
job. No special engineering of the 
four-way V9 valve was required to 
meet Pratt and Whitney’s need. Molded 
oil-proof coils are used to guard 
against burnout from cutting solutions. 
The Skinner valve makes an ideal cross 
connection between electrical sensing 
and the muscular air required to pro- 
vide the clamping action. 


Quality workmanship throughout. 
Internal parts are stainless steel and 
highly corrosion-resistant. Durable, 
compressible inserts of soft, synthetic 
materials insure bubbletight operation. 
Orifice seats have radius with well- 
rounded contact area and high finish 
for long insert life. Valve can be 
mounted in any position. 


Dependable cylinder control. The 
four-way V9 valve is available with ad- 
justable flow features in the main 
stream and in the exhaust passage for 
exceptionally accurate cylinder con- 
trol. Position of inlet and exhaust con- 
nections can be changed easily in the 
field by simply reversing plugs. 


Exceptional life expectancy. 
Skinner valves, engineered to the high- 
est UL standards, are life-cycled in the 
lab at speeds as high as 600 cycles per 
minute. In these tests, the V9 valves 
regularly get over 20-million cycles 
without leakage. And these results are 
constantly proving out in service. 


Skinner solenoid valves are distributed nationally. 
For complete information, contact a Skinner Representative 


listed in the Yellow Pages or write us at Dept. 382 


ELECTRIC VALVE 
DIVISION Convecricur 


105 EDGEWOOD AVENUE 
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Speaking of service... 
have you heard what 
PRICE is doing? 


Price Electric has created a new service department 
within their sales organization ...to give you fast, 
personalized service from inquiry to delivery. 

As you know, Price has always had an enviable 
reputation for quality and reliability. Their relays 
are everywhere ... flashing across the sky in our 
satellites, in missiles, telephones, car radios, business 
equipment, and a thousand other precision uses. 
Now ... Price offers you reliability AND improved 
service. 

Why not give Price Electric a try on your next relay 
requirement ? 


SEE THE NEW 1959 LINE 
OF PRICE RELAYS 


Write or Call 


PRICE ELECTRIC CORPORATION 
Frederick, Maryland 


MOnument 3-5141 
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characteristics to provide unit-to-unit 
interchangeability. Radio Corporation 
of America. Semiconductor Division, 
Somerville, N. J. — 559 


CASTING RESIN 

Easy pouring. rapid curing Maskast 
for volume casting possesses relatively 
low viscosity. This two-component, 
black, epoxy-based liquid casting resin 
has handling and physical properties 
ideal for solid cast dies, cast faces 
on metal dies, potting, duplicate mas- 
ters. models. vice jaws. holding fixtures, 
keller patterns, etc. 

Has low exotherm in large section 
castings and toughness after room tem- 
perature cure. Hardness and resiliency 
can be controlled within limits by vary- 
ing the amount of flex-imparting hard- 
ener used. Hastings Plastics, Inc., 155] 
Twelfth St.. Santa Monica. Calif. —560 


SILICON POWER RECTIFIERS 


Line of diffused-junction silicon power 
rectifiers is rated from 5 to 70 amp at 
a case temperature (with normal con- 
vection cooling) of 150 G. Ratings can 
be increased by forced-air cooling and 
upply at peak inverse ratings up to 
800 volts. 

Rectifiers feature standard and _ pro- 
posed JETEC case designs using 1/4 
in.-28 studs up to 20 amp and 3/8 
in.-24 studs for higher currents, true 
dual hermetic seal, very low forward 
drop and low reverse current. Meet 
military specifications. Components 
Div.. International Telephone & Tele- 


(Continued on page 262) 
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METERS FOR EVERY NEED 


ELECTRIC BP COMPANY 


5205 W. Kinzie St., Chicago 44, Ill. 
Phone: EStebrook 9-1121 
In Canada: Bach-Simpson Ltd., London, Ontario 


259 





Robbins & Myers 
build motors from 
1/200 to 200 horsepower 


MYLAR* INSULATION INCREASES 
MOTOR LIFE... insures positive 
insulation. Rag paper backing provides 
cushioning effect against abrasions and 
punctures. Entire motor winding is pre- 
heated, twice dipped in varnish and 
boked after each dip. 


*DuPont registered trademark 





BEARINGS POSITIVELY SEALED... 
Double row width ball bearings, sealed 
on both sides, eliminate frequent re-lubri- 
cation. Grease sealed in extra-large reser- 
voirs, resists dust, temperature, humidity 
ond high operating speeds. 


ELECTRICAL MANUFACTURING 





“shining example’ shows how... 


> ReMi 
FAN COOLED MOTORS BEAT 
ORROSIVE ATMOSPHERES 


Udylite Corporation’s famed Automatic Plating 
Machines put a shine on everything from sew- 
ing machine parts to automobile bumpers. R&M 
Totally Enclosed Fan Cooled Motors power the 
hydraulic system of these precision machines 
quietly, smoothly and without vibration. But 
most important they successfully combat the 
severe corrosive atmosphere common to all plat- 
ing operations. R&M Motors are completely 
protected against this serious motor menace. 


parts . . . spraying of rotor and shaft with special 
rust-inhibitor . . . application of anti-corrosion 
primer to cast-iron end-heads and terminal box. 
A cast aluminum fan provides effective cooling 
by forcing air between enclosed internal and 
open external shells over motor’s entire length. 
Other important features contributing to long- 
life protection and vigorous performance are 
described at left, below. 


Robbins & Myers Totally Enclosed Motors 


range from 42 to 125 hp. Write today for 
Bulletin 500 EM. 


Complete R&M motor protection includes 
careful dipping, baking and painting of all steel 


MYERS, We. 


BRANTFORD, ONTARIO 


ROBBINS 


SPRINGFIELD, OHIO 


A £ 
{ito} P > tes f \ 
i T 7 AB) x 
ag my { >y 
Ce ? bad oS 
MOTORS FANS HOISTS MOYNO PUMPS PROPELLAIR FANS 


OPEN PROTECTED MOTORS... 
R&M open protected motors to 200 horse- 
power are suitable for many applications 
formerly requiring totally enclosed con- 
struction. Investigate this economical pos- 
sibility for your application. Write for 
free Bulletin 520. 
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Cd POKEHOME contacts* 


AMPHENOL connectors with Poke Home contacts provide the electronics 
industry with a new and realistic answer to the problems of wire termina- 
tion. Contacts, shipped separately from the connector, are crimped to their 
individual wire leads and then “poked home” into the insert. Each can be 


easily removed and replaced in case of circuit change. 


Crimping of the contacts provides increased reliability through elimina- 
tion of soldering. It permits inspection of each termination before insertion. 
And, mechanically and electrically, the millionth crimped termination is 
consistent with the first. 


A Poke Home contact connector thus consists of individual circuits which 
may be strung through bulkheads or branched from different electrical 
sources and are quickly adaptable to any wiring change. Fewer manu- 
facturing breaks in circuitry are assured; the number of steps in wire 
termination are reduced; the need for “J-boxes”, terminal strips and other 
accessory components is similarly reduced. 

e 


OVERED BY U.S. PATENT 2,419,018 


Send for full information on amPHFNOL connectors with Poke Home contacts! 
_ 


G OL) connector division 


AMPHENOL-BORG ELECTRONICS CORPORATION 
chicago 50, illinois 
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graph Corp., 100 Kingsiand Rd., Clif- 
ton, N. J. — 561 


PANEL-MOUNT 
POTENTIOMETER 


Lead screw actuated potentiometer 
that combines the convenience of panel 
mounting with high temperature and 
humidity-proof characteristics weighs 





about 0.3 oz and measures 0.23 x 1.32 
x 0.24 in. Can be mounted through a 
single 0.2 in. hole. has a_ threaded 
adapter that extends through the panel 
hole and is secured by a hex nut. Re- 
sistances for Model 223 range from 
100 to 50 k ohms. Power rating is 1 
watt at 70 C. Units are designed to 


operate reliably from —65 to 175 C. 
Bourns Laboratories, Inc.. P. O. Box 
2112. Riverside, Calit. — 562 


PILOT LIGHTS 

Suitable for 110 or 200 volts a-c. as well 
as other voltages. Omni-Glow neon 
pilot lights NE2H and NE51H are 8 
times brighter than the company’s NE2 
and NE51 counterparts and have a life 





in excess of 5000 hr. Lights are finished 
assemblies. ready for installation and 
operation. Available in a variety of 
styles with a choice of lens shape and 
color. body lengths. terminal leads or 
lugs. and lens markings. All models 
mount in a %-in. hole, with slip-on 
Speed Nut supplied, and are U/L and 
CSA approved. Industrial Devices, Inc.. 
982 River Rd., Edgewater. N. J. —>563 


HIGH-TEMPERATURE 
CAPACITORS 
Stacked-foil Fabmika capacitors are de- 
signed for operation at the high tem- 
peratures encountered in jet ignition 
systems, 400 cycle a-c power supplies. 
missile controls and atomic reactors. 
Dielectric is of specially processed 
silicone-bonded mica paper. Four stand- 
ard temperature ranges from —55 to 
+-125 C. + 165 C. +200 C and +260 
lire 


Available in 4 constructions: uncased 


ELECTRICAL MANUFACTURING 








"Hot-Shot Assembling’ 


with MADISON-KIPP 
zinc and aluminum die castings 


‘Hot-shot assembling”’ is a shop term but than when no inserts are involved. 


it is literal, because inserts are put in place The seasoned and skilled Madison-Kipp 
and liquid metal under high pressure is | mechanics have had long experience in 
shot into the die to surround and anchor “hot-shot assembling.’’ They may be able 


the inserts in the die casting. to assist you in your problems. 


In many cases the advantages of cast-in 
inserts provide substantial cost savings 


even though the casting process is slower 


Please clip this ad as a reminder to 
contact us when you have die casting 


requirements. 





+” S MADISON-KIPP CORPORATION 


214 WAUBESA STREET + MADISON 10, WIS., U.S.A. 


Skilled in Die Casting Mechanics e Experienced in Lubrication Engineering e Originators of Really High Speed Air Tools 
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200 C), uncased and clamped 


(up to 
(up to 260 C), cast epoxy housing (up 
to 200 C), and drawn metal case (up 


to 260 C standard and 310 C special). 
Sprague Electric Co., 307 Marshall St., 
North Adams, Mass. — 564 


SUBMINIATURE 
POTENTIOMETER 


Series 44 carbon potentiometer is now : 
available as stock item. Rated at 0.2 
watt, this smaller-than-dime potentiom- 
eter is intended primarily for space- . 
saving assemblies, particularly tran- 








-_* . 


sistorized circuits, portable radios and 
hearing aids. It measures *'%2 in. body 
diam x 64 in. deep, plus mounting 
bushing and 1% in. long shaft. Fur- 


nished in standard ohmages of 25 k 


10-Stranded tinned 


4 Stranded 10 - Stranded 3 - Stranded 7 Stranded 10-Flexibie tin- 


tinned copper 
conductors 
Color coded 
vinyl insult 


tinned copper 
conductors 
Cotor coded 


viny! insula 


tinned copper 
conductors 
taid paratiet 
Color code 


tinned copper 
conductors 
FUL AM IETtiile 
insulated, in- 


se! conductors— 
center conductor 
combination cot- 
ton braided, cop- 


copper conductors. 


Color code vinyl. 
Tinned copper 
shielded twisted 
pair; others cabled, 


and 500 k with W taper, also in 200 
ohms to 5 megohms linear, and 1500 


ohms to 2.5 megohms tapered and may 





fitted tion Cablied polyethylene dividually col- per shielded. Col- 
served around poly insulation or coded cot- or code vinyl! in- cotton served. In- as Ss ‘peT E = 

with tinned ethylene insu-  Overail tinned ton braided sul. Jute filled, ner vinyl! jacket, be supplied with SPST switch. Clarostat 

copper shield lated, shielded copper spiral Cabled with cottonserved tinned copper : = : 

Clear poty jacketed coax shield, viny! overall viny! overall vinyl! shield, paper wrap, Mfg. Co.. Inc.. 2 W ashington St., Dover 

ethytene Cotton filled, jacket jacket jacket outer vinyl! jacket. 

jacket vinyl! jacketed. N. H. — 565 
For high-temperature solenoids _ this 


What are your customer cable specs? Are they exacting, unusual? ee 
| deep-drawn bobbin incorporates both 


and lead extrusion in the 
flange. Class “H” application require- . 
include close tolerance ID and 
OD to fit precision-made case and, in 
addition, an extrusion is required to 
protect the lead wires passing through 


Do they require special ingenuity and engineering? If your th sie 
d ane 
answer is “yes”, your next move is to Phalo. 


INSULATED WIRE ments 


PHALO ENGINEERED PRODUCTS: 
AND CABLE, CORD AND CORD SET ASSEMBLIES, 


CUSTOM PLUGS, TUBING, WIRING HARNESSES, ETC. | 


Complete Product Data and Sales Service Information On Request 






530 BOSTON TURNPIKE 


PLASTICS CORPORATION | 
SHREWSBURY, MASSACHUSETTS 





Representatives in Leading Cities Throughout The U.S. A. 
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LE] MICRO SWITCH Precision Switches 





i 





|}-—.500— 
ACTUAL SIZE 


Nore news about the “SX’’ 
miniaturized subminiature switch 


The new ‘SX’’—smallest precision snap-action 
switch—offers a new kind of answer to switching 
problems involving space, weight, and reliability. 
Here are some of the reasons: 
Size (of case): .500” x .200” x .350” high—ten 
to the square inch. 
WEIGHT: 1 gram... 28 switches to the ounce. 
ELECTRICAL RATING: 28vdc: 7a. resistive, 4a. 
inductive-sea level; 2.5a inductive-50,000 ft.; 
N ew actu ato rs 4a. motor load, 24a. max. inrush. 115/230 vac: 
add to versatil ity 5a. resistive, 15a. max. inrush. 


Other useful and newsworthy features of this re- 

of ‘‘SX’’ Series markable switch include these: 

Mechanical life is in the millions of operations. 

The case of the “SX” has two through holes 

on Shem: take, Cline. oct chem. ane that will accept #2 screws. One hole is slightly 

pivoted lever and pivoted roller lever vari- elongated to facilitate mounting. : 

ations. All are made of stainless steel. The “SX” operates dependably in tempera- 

tures from —65° F. to +250° F. 

Operating force is controlled and predictable 

within 3 oz. to 5 oz. limits. 

Terminals are integrally molded. 

) Special plating on terminals improves ease of 

na i soldering. 

Say al The normally-open and normally-closed termi- 

nal-contact inserts are solid silver and in one 

LEAF ACTUATOR ROLLER LEAF piece for maximum conductivity and heat dis- 

ACTUATOR sipation. 


Two of the auxiliary actuators for the “SX” 


«: 





om 


For more information about this important switch, 
ask for Data Sheet 148. 


MICRO SWITCH... FREEPORT, ILL. 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH PRECISION SWITCHES 
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BARBER 
COLMAN 


Ultra-Sensitive Relays 

















the practical solution 
to many complex 
control probiems 


Across industry today, Barber-Colman 
ultra-sensitive d-c relays are solving 
control problems in a wide range of 
applications such as communications, 
nucleonics, instrumentation, process 
control, railway signal transmission, air- 
craft temperature control and remote 
positioning systems. 


Polarized Micropositioner 

Relays — The Barber-Colman 
Micropositioner is an ultra- 
sensitive polarized d-c relay 
capable of operating on input 
powers as low as 40 microwatts. 
Available in three types of 
adjustment: null-seeking . 

symmetrical magnetic-latching . . . or 
conventional form C snap-acting. Can 
be opercted in excess of 100 cps. Selec- 
tion of enclosures and mountings. 


Transistorized Polar Relays — The 
Barber-Colman transistorized relay is 
an adaptation of the Micropositioner 
that features a built-in transistor pre- 
amplifier, which greatly reduces the 
input required for contact operation. 
Choice of null-seeking . . . symmetrical 
magnetic-latching, or form C snap- 
acting contact operation. 


Resonant Relays — Characterized es- 
pecially by low operating power and 
narrow band width. Standard units can 
be tuned to any frequency between 115 
and 400 cps. Special units have been 
built to resonate as low as 1624 cps. 





THE WIDE LINE OF BARBER-COLMAN ELECTRICAL 
COMPONENTS includes: D-C Motors for industrial 
equipment and aircraft control applications. Out- 
put up to 1/10 hp. . . permanent magnet and split 
series types . . . various mountings and speeds . . 
also available with gearheads or blowers. Tach 
Generators for accurate speed indication and 
servo rate control applications. Choppers that 
require extremely low driving power. Resonant 
Relays characterized by low operating power, 
narrow band width. Ultra-Sensitive Polarized Re- 
lays operating on input powers as low as 40 micro- 
watts. 400 Cycle A-C Motors for aircraft and 
missile applications. 





polarized relays 


TECHNICAL BULLETIN SERVICE 
on all Barber-Colman electrical 
components. Detailed specifica- 
tions, performance data, circuitry 
drawings. Write for bulletins on 
any or all products. 





tach generators 





BARBER-COLMAN COMPANY 
Dept. N, 1803 Rock Street, Rockford, Illinois 

Automatic Controls * 
Air Distribution Products 4 Overdoors and Operators 
Metal Cutting Tools * Machine Tools * 


Small Motors * Industrial Instruments ° Aircraft Controls 
Electrical Components ° 
Molded Products ° Textile Machinery 


266 Circle 275 on page 17 


the end plate. Using glass silicone 
laminates, the core section, flange and 
lead wire extrusion were drawn in 
one piece. Stevens Products, Inc., 86 
Main St., East Orange, N. J. — 566 


VACUUM POWER SWITCHES 


RH and RL types power class vacuum 
switches for high voltage interruption 
are distinguished by higher voltage and 
current ratings through the use of 
larger contacts and improved process- 





ing techniques. Individual switches 
will handle recovery voltages up to 
48 kv peak when interrupting 600 amp 
rms. May be used in series for operat- 
ing voltages up to 230 kv rms. 
Available with continuous current 
ratings up to 600 amp and momentary 
surge current ratings up to 20,000 amp, 
these switches also interrupt currents 
up to 4000 amp and are highly re- 
sistant to mechanical or electrical dam- 
age because vital areas have been en- 
capsulated. Jennings Radio Mfg. Corp., 
970 McLaughlin Ave., San Jose 8, 
Calif. — 567 


PUSH-BUTTON ONE-SHOT 
PULSER 


An electronic circuit is used to produce 
a single, ypsec-length pulse with each 
operation of push-button switch as- 
semblies. The 1PB600 series of “one- 
shot” switches eliminates the need of 
designing special pulse-input circuits 
for high-speed electronic switching 
devices. The square-wave pulse width 
is adjustable from 0.2 to 2.5 psec, 
and the amplitude from 3 to 60 volts. 


2.285 
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Capacitor, resistor, magnetic core and 
diode are potted in a modular package. 
No standby power is required. Contact 
arrangement is SPDT. 

The switches, which will operate in 
a temperature range of —65 to +185 
F, are designed for use in electronic 
test circuits, keyboard input consoles, 
fusing arming and firing circuits, and 
1eflected pulse systems. Micro Switch, 
Div. of Honeywell, Freeport, Ill. —568 


POWER RELAY 


Interchangeable coil assembly features 
25-amp heavy-duty power relay, 2210-U. 
Designed to meet UL specifications, 
contact arrangement is 2-pole, single 





throw, NO. Coil assembly can be re- 
placed in a few minutes. Contact as- 
semblies can also be rapidly replaced, 
if necessary, by removing terminal 
screws. Guardian Electric Mfg. Co.., 
1621 W. Walnut St., Chicago, I1].-569 


DUAL-SETTING PRESSURE 
AND VACUUM SWITCHES 


Stripped models pressure and vacuum 
switches have been designed for orig- 
inal equipment manufacturers and for 
industrial installations where controls 
are enclosed in a common cabinet. 
Model 404 operates in any position 
and can be mounted directly on moving 
or vibrating equipment. Available in 
proof pressures of 30 in. of mercury 
vacuum to 150 psi, it senses any two 
pressures in the same system over an 
adjustable range and actuates two in- 
dependent electric circuits at the pre- 
determined pressures, both increasing 
and decreasing. Uses SPDT switching 
elements for a-c and d-c circuits for 
automatic reset. Barksdale Valves, 


—— ADJUSTMENT 
SCREWS 





— SEALED SWITCH 
METAL ELEMENTS 
DIAPHRAGM 


FEBRUARY 1959 





BARBER 


COLMAN 


a-c gmall motores 








esti 





TYPE B 


A high-quality motor at low cost 
that gives you a strong compe- 
titive advantage. Power output 
and starting torque secgiicey 
high in relation to size. 

“plus” features include slighablo 
bearings ... long-life lubrication 
... auxiliary oil cups... hardened 
and ground stainless steel shafts 
.. . ratings up to 1/200 hp. 


high-torque unidirectional types 


Outstanding for their high starting 
torque and low-inertia rotors, 
Barber-Colman motors are first 
choice for many of the nation’s leading 
manufacturers. Low noise level . . . 
high dielectric strength coils . . . 
precision construction . 
compactness . . . long- life lubrication 
. anda quality guarantee backed 
by 30 years’ experience are among 
the many other features of these 
motors that will assure long, 
trouble-free service in your product. 





TYPE A 


TYPE F 
Ideal for use im Features extra high High-torque Barber 
cramped quorters power to weight Colman motor for 
Smallest unidirec- ratio while main- heavier power re 
tional core-type taining exceptional- quirements up to 


TYPE R 


motor in the line, ly good starting 1/20hp. Heavy-duty 
yet has good stort. torque Porous construction for the 
ing torque and bronze bearings, most exacting ap- 


power output large of wicks plications 








TYPE DZ 





Open and enclosed geared types 


for longer life 
at lower cost 


For longest life per dollar invested put 
Barber-Colman geared motors into your 
product. High-quality construction through- 
out . . . accurately hobbed gears, all of 
which are of properly heat-treated steel 
(except first step Textolite gear for quieter 
performance) high torque, positive 
starting. 

TYPE DZ — Open-type, double-gear plate motors for 
applications requiring a rugged, long-life motor. De 
signed to handle overhanging loads. Available in uni 
directional, reversible, and synchronous models 

TYPE HZ — Low-cost, rugged, compact, high-torque 
motors available in unidirectional, reversible, and 
synchronous models 

TYPE PZ — Enclosed geared construction for mounting 
externally to driven device. Unidirectional, synchro 
nous, and reversible models 





FREE CATALOG HELPS SELECT MOTOR NEEDED 

Get the helpful condensed catalog of Barber-Colman shaded pole 
small motors. Contains complete descriptions of above motors, shows 
typical specifications, performance characteristics, control circuit dia- 


grams. Write for your copy 





BARBER-COLMAN COMPANY 


Dept. N 
Small Motors °¢ 
Electrical Components = * 
Molded Products °* 


3 Rock Street, Rockford, Illinois 
Automatic Controls 
Air Distribution Products ° 
Metal Cutting Tools ° 


¢ Industrial Instruments °¢ Aircraft Controls 
Overdoors and Operators 


Machine Tools °* Textile Machinery 
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= WY : : — ee “4 Pressure Switch Div., 5125 Alcoa Ave., 


Los Angeles, Calif. —570 
from oe - OF ” 


ig from your PRECISION GEAR HEADS 
SPECS Precision gear heads, Size 11, are de- 
© 


signed for use in conjunction with 
standard BuOrd Mk 14 Mod. 2 servo 
motors Size 11 and, through use of 


coo 


erm 


COSMO Nylon Bobbins 3% 


molding methods produ ny nt D aw lo ee 





wide variety 


ite shipment 


1 itures tel’. Nylor 
ire: * Strength in thin sections + Dimensional 
stability +» Secure flanges (one solid molding) * Resistance 
to impact * Resistance to action of many common chemicals 
* Rated for use up to 250 F + Good dielectric strength 





available adapters, with other than 


igate th nefit ng ncreased production speed 


elimination of reject ith Cosmo Nylon Bobbins . Size 11 motors and systems. Built for 
Welcome Your Inquiry long accurate life in high- and low-tem- 

0 yu 
AN = perature applications and to withstand 


environmental tests covered by MIL-E- 
5272A. Fae Instrument Corp., 42-61 
Hunter Street, Long Island City 1, 
N. Y. — 571 









New catalog and samples on request 
SALES DIVISION OFFICES 


Arizona, California, Colorado, Connecticut, Illinois, Massachusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington & Conada 


COSMO PLASTICS COMPANY 


3239 WEST 14 STREET + TOwer 1-5597 * CLEVELAND 89, OHIO TRANSISTORIZED TIMER 
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ee ee eccenae Transistorized time delay relay for in- 





tervals from 50 millisec to 4.0 min is 


A : designed for operation from external 
C7E % J power supply of 40 to 60 volts d-c at 


0.050 ma max. Has a_ temperature 


TERMINAL WIRING! Eee 
e curacy of +4 per cent over a supply 
voltage variation of +10 volts d-c. 


Connections are made through Fanning 
Strip, on bench or anywhere apart from 
barrier strip, and quickly slipped into 
assembly. 






The 

co 

Ren wire to 
—fect terming| 


every time! 





Designed for use with Jones Barrier Ter- 
minal Strips Nos. 131 and 142, for 1 to 
20 terminals 


For SPDT control circuits up to 3 
amp at 28 volts d-c or 115 volts a- 
sustained operation. Overall dimensions 
18. x 13, x 3 in. Supplied with header - 
Simplifies and facilitates soldering. Insures posi- connections as well as with various 
tive correct connections. Saves time. Ideal for mountings and connections and is de 
harness or cable assembly. Strong construction: signed with silicon transistors, foamed 


Brass terminals, cadmium plated. Heavy bakelite in-place resin construction. Automati 





















mounting Timing and Controls. Inc.. King of 
Prussia 6, Pa. — 572 
Barrier Strip 
Send for complete HowarpD B Jones DIvIsioNn — METAL FILM RESISTOR 
¢ ° nning 
data on this new CINCH MANUFACTURING CORPORATION Strip | . . | fil v . : } 
basic improvement! HI 24 ILLINOI wc ow-nolse meta lim resistor with a 
SUBSIDIARY OF UNITED-CARR FASTENER CORP applied for temperature « oefhicient of +50 ppm/- 


deg C over temperature range 65 to 
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Quietest 
Direct Drive 
Blower Motor 





Place a mechanic’s stethoscope on the end cap 
and you can easily hear the difference between 
the newly-designed Redmond Type AY and 
motors of conventional design. Try it on a Red- 
mond 1/6 hp—the noise level is about that of a 
1/35 hp motor of conventional design. 







New Kedmond Design Reduces Blower Vibration to 
One-Fifth that of units using Conventional Shaded-Pole Motors 


Apply vibration tests and you will be quick to agree 
that here is the quietest direct-drive blower motor 
available. The AY Tri-Flux motor is designed and 


manufactured in every way to give years of trouble- 
free service and whisper-quiet operation. The positive 
oil system provides force-feed lubrication. Recirculating 
the oil assures maximum bearing life. 

The graph shows vibration test results on the 
new Redmond design and two competitive motors. 
These tests were made with the best vibration testing 
equipment available. The solid black bar shows vibra- 
tion on the motor end cap; the gray bar shows vibration 
on the blower housing. The graph is decibel readings on 
120 cycles, since the 120 cycle frequency is the one that 
is the basic source of nearly all noise problems. Reduc- 
tion of vibration is a logarithmic function—the reduc- 
tion of vibration in the Redmond motor to 33 decibels 
reduces noise to only 1/5th that of conventional motors. 


Ss Keamond 


The new AY is ideal for a wide variety of appli- 
cations requiring a whisper-quiet, economical, 
high-quality motor. Contact us at Owosso, Michigan, 
and we will have the Redmond sales engineer in your 
district call you at once. 





70 


60 
50 
40 
30 
20 


Re ogy! Competitor Competitor 
Type # Motor A Motor B 























The Standard of Dependability 


Subsidiary of CONTROLS COMPANY OF AMERICA 


Owosso, 


MICHIGAN 
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KLEIN PLIERS 


make wiring faster 
...easier 


Many Klein Pliers are 


available with a coil spring to 
keep jaws in open position. 
Spring is guaranteed for the life 
of the plier. 





Klein Pliers may be: ordered with dipped-on plastic-coated handles. 


*PAT. APPLIED FOR 

There’s a lot to like in Klein Pliers. 
There is a size and style for every 
job, even the toughest wiring as- 
sembly. All are made of finest alloy 





ASK YOUR SUPPLIER 
Foreign Distributor: International Standard Electric Corp., New York 


steel, individually tempered and 
tested. They are backed by the Klein 
name, serving industry for more 
than 100 years. 


Write for the new Klein Catalog 
101A listing the complete line 
of Klein pliers including over 
20 pliers recently developed 








oe a MLEIN—: & Sons 





aye McCORMICK ROAD 


CHICAGO 45, ILLINOIS 
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+165 C independent of resistance value 
is a precision assembly enclosed in a 
specially designed hermetically sealed 
plastic casing to provide protection for 
the resistor element. 

Standard tolerance is +1 per cent. 
Two types available, both with wire 
leads. Type WHM (equivalent MIL 
Style RN-75) measures 1.125 in. long 
x 0.406 in. diam, max voltage rating 
500 volts. Type WFH (equivalent MIL 
Style RN-70) measures 0.781 in. long 
x 0.250 in. diam, max voltage rating 
350 volts. Resistance Products Com- 
pany, 914 S. 13th Street, Harrisburg, 
Pa. — 573 


SQUIB-ACTUATED 
PISTON MOTOR 


Miniature piston motor is designed to 
provide positive displacement for the 
performance of mechanical work, is of 
special interest to designers of mis- 
siles, weapons and weapons system: 


Motor is only 14 in. in diam and 16 


long. Actuated by as little as 100 
ergs at 1.5 volts, or 0.2 amp, the motor 
is capable of providing 20 lb of thrust 
over a %4 to %6 in. stroke with an 
elapsed time of 1 millisec. Will func- 
tion properly from —65 to +165 F and 
will withstand 20,000 g shock and ac- 
celeration. Atlas Powder Co., Ordnance 
Materiel Dept.. Wilmington, Del. 574 


TORQUE MOTOR OPERATES 

AT 600 F 

High-temperature torque motor which 
can operate at temperatures of 600 F 
permits use of electrohydraulic or 
electropneumatic servovalves or similar 
devices in high-temperature applica- 
tions such as high-speed aircraft or 
control systems without the 
need for complicated cooling systems 


missile 


or thermal lag provisions. 

Model 103-2 has a midposition force 
of over 8 lb; a stroke of +0.008 in. 
at a radius of 0.750 in.; measures 
1-1/8 x 1-11/16 x 1-3/4 in.; 
10 oz: 


weighs 
requires only 4 w of input 


ELECTRICAL MANUFACTURING 





—— SS SS eee.) 





coeeeeey 


How CDF Di-Clad 
can solve your 
printed-circuit 

problems 


The CDF line of copper-clad laminates in all grades 
is now known by a new name—Di-Clad. Di-Clad 
grades meet the varying needs of design, production, 
and operation of electronic equipment. Grades other 
than those described are also available. 








Di-Clad 28E. For high mechanical strength, low 
moisture-absorption, and good insulation resistance, 
CDF Di-Clad laminates of epoxy resin laminated 
with glass fabric offer the designer a strong, reliable 
combination. 


Di-Clad 112T. A Teflon* glass-fabric laminate offer- 
ing the best dielectric properties over a wide tem- 
perature and frequency range. 


Send us your requirements and let our engineers 
help you select the right grade for your application. 





*Du Pont trademark for its tetrafluoroethylene resin. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE Kut! COMPANY « NEWARK 13, DEL. 





Di-Clad 2350. An economy paper-base phenolic grade having good tensile, 
flexural, compressive, and impact strength. Adequate for most non-critical 
printed-circuit applications. Can be cold punched and sheared up to 5/64 
of an inch in thickness. 





TYPICAL Di-Clad PROPERTY VALUES 










































































Di-Clad Di-Clad 28 Di-Clad 28E Di-Ciad 112T 
Di-Clad 2350 (NEMA XXXP) (NEMA XXXP) (NEMA G-10) Teflon* 
BOND STRENGT H—o. 0014” foil (Ibs. read. 6 to 10 6 to 10 6 to 10 8 to 12 408 
to separate 1” width of foil from laminate) 
/ MAXIMU M C [ON TINUOUS OPERATING | 120 120 120 150 200 
TEMPERATURE (Deg. C.) 
DIELEC TRIC STRENGTH (Maximum voltage 800 900 850 650 700 
__ per mil for 1/16” thickness) } 
"INSULATION RESISTANCE (Meg gohms) 96 500 150,000 600,000 100,000 75,000 
hrs. at 35°C. & 90% RH (AST M 2s » Fig. 3)) | — ; 2 
‘DIELEC TRIC CONST ANT 10° Cc ycles | 4.5 4. 0 3.6 4.9 2.6 
‘DISSIPATION FACTOR 10° C yeles. 0.040 0. 026 0. .027 0.019 0.0015 
ARC-RESISTANCE (Seconds) 5 10 10 130 180 
“TENSILE STRENGT H (psi.) i i 18,000 16, 000 12,000 48,000 23,000 
‘FLEXURAL S$ STRENGTH (psi.) 27,000 21 000 18,000 70,000 13,000 
IZOD IMPAC T STRENGTH edgewise | 0.80 0. ‘45 0.42 2.0 6.0 
(ft. Ibs. per inch of notch) |__ 7 
| COMPRESSIV E ST RENGTH I fatwise (psi.) (psi. a | 32,000 28,000 25,000 62,000 20,000 
BASE MATERIAL OF LAMINATE Paper Paper Paper Medium-weave, Fine-weave, 
medium-weight medium- weight 
glass cloth glass cloth 
COLOR OF UNCLAD LAMINATE Natural Natural Natural Natural Natural 
greenish 
All these standard grades are available with 0.0014” and 0.0028” or thicker electrolytic or rolled copper foil on one or both 
surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order. 
®Du Pont Trademark 
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OIL-TIGHT 
DUST-TIGHT 


ELECTRICAL 
ENCLOSURES 


WALL MOUNTED, 
in 18 stock sizes. 


PLOOR MOUNTED, 
in double door or 
multiple door 
units —11 

stock sizes 





j 


JIC 
NEMA 12 
PANEL | ENCLOSURES 


Ideal for housing electrical controls, 
components and terminal strips. Note 
removable mounting panel. Neoprene 
gasket on door protects against dust, 
dirt, oil, water. Strong 
welded construction. No 
holes or open seams 
Alsoavailablein NEMA 


types 1, 3, 4 and 5. 












JIC 
WIRING 
BOX 


Heavy gauge 
steel, welded 

searns. No knockouts or holes to 
leak oil, water or dust. Neoprene gas- 
keted cover with screw clamp makes 
tight oil-proof seal. Available with 
or without removable panel. 8 stock 
sizes from 4”"x4”x3” to 16”x 14”x 6". 


PUSHBUTTON 
ENCLOSURES 


5 AA: gia 


© 
“ 
A complete selection € +, 
of types and sizes i 

Fine quality con- | 

truction and finish. | ee é& 
Welded seams. Cover i 

has neoprene gasket. | 

Holes take any | € & 
standard oil-tight | ; 
pushbutton. Types. © : 

range from ‘“‘Stand- — 


ard” as shown, to Extra Deep, Slim 
and Pendent. For one to 25 pushbuttons. 


OIL-TIGHT 
JIC SECTIONAL 
WIREWAY 


iy 







‘ 


Perfect protection tor 
control wiring. Neoprene gasket 
on cover and between joints seals 

out liquids and dust. Easy to assemble 
Full length hinged cover simplifies 
wiring installation or modification after 
installation. S sizes: 2Y4°x 214” 


* 


Stock ) , 
4”x 4” and 6”x 6” in lengths up to 10’ 
with Elbows, ‘‘T’’s, etc. 


We also build enclosures to customer specifications 
ENGINEERING 
CORPORATION 
272 


Dept. —M-!2! Anoka « Minn. 
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electrical American Measure- 


power. 
ment & Control, Inc., 240 Calvary St., 


Waltham 54, Mass. — 575 


RELAY WITH NOBLE 
METAL CONTACTS 


Individual poles with noble metal con- 
tacts, to enable one or more poles of 
to be 
instrumentation 


industrial control relays used 


in electronic and cir- 
cuits and grouping of electronic and 
standard control circuits for actuation 
by the same magnet, are available NO 
or NC, and may be used on any of the 


relays in this company’s Type PM line. 





The new poles have contact tips of a 
palladium-ruthenium alloy, have a high 
melting point and are highly resistant 
to corrosion and tarnish. Wiping ac- 
tion is designed into the contact mo- 
tion. These poles can be used in high 


impedance and low voltage circuits 
and are recommended for use in cir- 


cuits of up to 600 volts, drawing 0.5 
Mounted in_ individual 
melamine blocks. Clark Controller Co., 


va or less. 


1146 E. 152nd Street. Cleveland 10. 
Ohio. —576 
SYNCHRO-RECEIVER 


Size 10 precision synchro-receiver Type 
10-4085-19 MIL-I-7057. is de- 
signed for indicator applications, has 

55 to +71 C ambient temperature 
range, | deg dynamic test accuracy and 


meets 


5 sec damping. Internal damping is by 
rotor bar technique. Torque gradient is 
2200 mg-mm/deg, phase shift (R to S) 
4.5 deg, rotor moment of inertia 2 gm 
cm”, input voltage 26 volts 400 cycles. 
and output 11.8 volts. Impedances are: 
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1® Tough Nylon 
iY 


STRAIN 
RELIEF 
BUSHINGS 


for standard 
and special 
wires & cables 


nsulating and 


ELECTRICAL 
CORDS & CABLES 


FREE TEST SAMPLES will be sent on the 


receipt of the sizes of the wires you are using. 





HEYMAN 
MANUFACTURING CO. 


KENILWORTH 1, NEW JERSEY 


“f 3 a“ 
é MAN!—sSAY wer 





Circle 283 on page 17 





FEDNUANE stor Sawer evr VS Free FC 








control 
for controllers 


mmee O14" strip 


Today, you're faced with tighter design 
requirements than electronics has ever 


x Density — Gauss 


known before. As a result of miniaturization 
faat-Vo path il ome otelali ge) 


nae ail and the pressing need for greater precision 
and greater sensitivity in electronic 
components, tolerances are closing in on 
everything that affects a component design 
And more and more, better-performing 
materials are helping solve the problems of 


tighter control of component performance 


Carpenter is one of the world’s leading 
suppliers of these ultra-modern materials 
providing the electronics industry with 

the largest selection of alloys for electronic, 
magnetic and electrical applications 
available today from any steelmaker. 


TEMPERATURE — Degrees Fahvenhe 


dimensional control 6 va + 
Some characteristics of various groups of 


these Carpenter alloys are shown on the 
charts at left. In addition, Carpenter 
produces stainless steel and silicon irons for 
magnetic cores, temperature Compensato! 
alloys and a wide range of high permeability 


alloys for special applications 
No. 1—J8—~Type 2 


Get in touch with Carpenter. Write today 
fully describing design requirements of 


alloys you need or are interested in 


Specific Electrical Resistance —Ohms/cir. mil ft 


And ask for your free copy of the new 
64-page technical summary of alloys for 
electronic, magnetic and electrical 
. “ . . ] , j / 
<A ine ain applications now available from Carpente) 
resistance control The Carpenter Steel Company 


115 W. Bern Street, Reading, Pa 





arpen ler 


The Carpenter Steel Company 
Main Office and Mills, Reading, Pa 

Alloy Tube Division, Union, N. J 

Webb Wire Division, New Brunswick, N. J 

Carpenter Steel of New England, Inc., Bridgeport, Conn 
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MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 
New Hampshire Ball Bearings 


NEW “MICROWAFER” BEARINGS 


FEATURE NARROWER WIDTHS 


tr 


There’s a new, lean look in minia 
ture ball bearings these days. It was 
brought about by the demands of de- 
signers of small synchros, servos, 
motors, potentiometers and gear 
trains. They said that standard 
shielded miniature bearings were much 
too “fat”. They asked for “skinny” 
bearings that would allow them to in- 
crease the width, strength or capacity 
of working components. 

Back in 1955, New Hampshire Ball 
Bearings, Inc., introduced its UP line 
(U for thin, P for single shield). These 
bearings satisfied a good many de- 
signers. These special shielded bear- 
ings have the same width as standard 
unshielded bearings of the same O.D. 
and bore. But some designers still in- 
sisted on thinner bearings. 

In 1958, they got what they asked 
for. A new series of thin bearings, 


— 


SR2-5UPC5 


FIG. 1-—ACTUAL SIZE OF 
MICROWAFERS SR166PC7 


The space-saving feature of these new ‘‘Microwafer”’ 
bearings has been welcomed particularly by de- 
signers of small servos, synchros and motors. It 
permits miniaturization to be carried a step farther 
when smaller packages are required. In other cases, 
the narrower bearing widths allow the addition of 
more iron of copper to rotors and stators without 
changing package size. This means that greater 
capacity and improved performance can be built into 
existing designs. 


SR144704 


called ““Microwafers” was introduced. 
These light bearings offer the advan- 
tages of widths as much as 40% 
narrower than standard unshielded 
bearings of the same O.D. and bore, 
as illustrated in Fig. 2. 


TWELVE NEW NUMBERS 
“Microwafer” bearings are now 
available in twelve numbers: seven 
with single shields, one with two 
shields and four unshielded, as chart- 
ed below. 


WIDTH 
0625 
0625 
0625 


NUMBER BORE 0.0. 
SR133UPC2 0937 2300 
SR133UPC3 0937 2/50 
SR133UPC1 0937 3125 5 
$R1442C4* 1250 .3750 047 
SR144UPC3 1250 3750. ~—~«0937 
SR144PPC3** 1250 3750 ~ 1094 
§R2-5UPC11 1250 4250 ~1094 
SR2-5UPC5 1250 4375 1094 
SR166C8 1250 ~.5000 1094 
SR156UPC8 1875 4375 __ 1094 
SR166C6 1875 5000 1094 
SR166PC7_ 1875 5000 1250 


*Unshielded, spring separators 
**Two shields 


SPECIFICATIONS 
Starting Torque: Standard starting 
torque is 1400 mg mm under 75 gm 
thrust, 90% guaranteed at 1100 mg 
mm if specified. Lower levels by 
selection. 
Material: 440 C stainless steel. 
Tolerances: ABEC7 or better. 
Radial Play and Lubrication: 
cified by customer. 
Complete specifications 
are contained in one ~*~ 1562—> 
design handbook. be.0937— 


as spe- 


COMPARISON OF 
MICROWAFER 
SR144UPC3 
WITH 
STANDARD 
MICROBEARING 
SR2 











4 


FIG. 2 


SR144UPC32 
SR2 
DESIGNERS HANDBOOK FREE TO ENGINEERS 
If you work with miniature ball 


bearings, you’ll find this 
authoritative hand- 
book a_ great help 
in solving problems in 
designing instruments 
or electro-mechanical 
assemblies. It will be 
sent free to qualified 
engineers, draftsmen 
and purchasing 
agents. Write: 


80-page 


on 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 


274 


Circle 285 on page 17 


Zro 33.3 + j224, Zen = 10.3 + 
j38.4, Zesy = 56.6 + j22.5 and Zgq — 
90 deg = 10.1 + 78.1. Weight 1.85 oz. 
John Oster Manufacturing Co., 1 Main 
St., Racine, Wisc. —577 


LOW-LEVEL 60-CPS 
MAGNETIC AMPLIFIERS 


Line of PREAC 60-cps high sensitivity 
magnetic amplifiers comes in 4 types. 
Available also as a pre-amplifier for 
data sensing devices such as thermo- 
couples, strain gauges, bolometers, as 
well as for high impedance d-c sources. 
Provides a power gain greater than 
50 db and a full linear output of 2 


volts into a 5 k ohm load with null 
0.03 wamp, 
10 1° w, referred to input. 


drifts as low as 2.20 > 
Rated for operation from 60 +6 cps 
lines at 115 +11 volts rms. 
Power drawn is less than 1.5 w. Am- 
plifiers accept d-c polarity reversible 
input signals and deliver unfiltered 
d-c polarity reversible outputs. Airpax 
Products Co.. Seminole Div., Fort 
Lauderdale, Fla. — 578 


power 


TANTALUM CAPACITOR 

Fansteel PP Type tantalum capacitor. 
improved by a specially designed anode 
base support which gives it exceptional 
resistance to shock and vibration and 
with more rugged construction, is now 
qualified for under extreme 
environmental conditions, in mobile 
airborne electronic equipment, missile. 
rocket and similar applications even 
under reduced pressures at higher alti- 
tudes. Unit is electrically stable over 
a wide range of operating tempera- 
tures, from —55 to 85 C, and has out- 


service 
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— mae = can you prove _ 


rte x tye 


When customers come after you with 
claims concerning your product's 
performance, can you prove your 
position? You can, to everyone’s 
satisfaction, if Veeder-Root Counters 
are built into your product as 
standard, integral parts. For then 
your customers have Facts-in-Figures 
on actual performance on the job, 
figures that settle arguments fairly 
and squarely . . . in fact, often 
prevent misunderstandings in the 
first place. What’s more, when you 
build-in V-R Counters, you build up 
your product’s sales appeal . . . as 
many manufacturers have found 

to their profit. So can you. 

Write and find out how. 


You always “Know the score” when you count on Veeder-Root! 


NEW Panel-Mounted, 
High Speed Electro-Magnetic 
Counter f 


Series 1591 Counters are ideal for DC applications 
requiring accuracy and long life at very high speeds. 
4 or 6 figures. Instant pushbutton 

reset or remote electrical reset. 


Electrical Contactor 
Assures positive actuation of 

1591 Counters. Drive by lever 

or forked coupling. 


: Veeder-Root .... 


Everyone can Count on HARTFORD 2, CONNECTICUT 
as Hartford, Conn. * Greenville, S.C. * Altoona, Pa. * Chicago 
New York * Los Angeles * San Francisco * Montreal 
® Offices and Agents in Principal Cities 
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S-D 
MIDGET RELAYS 


Meximum reliability for 
control circuits and for 
operating small auxil- 
iary equipment. No AC 
hum. One- to three- 
pole combinations. 
Coils to 230V. 60 cycle 
AC or 125V. DC. Stand- 
ard voltages: 6, 12, 
24, 115 and 230. Con- 
tacts rated 6 amps. at 
115V. AC or 24V. DC., 
3 amps. at 230V. AC 
or 0.5 amp. at 115V. 
DC. High-current types 
for use up to 15 amps. 
at 115V. AC, 


=. 
AND TRUE 
el 


New relays? Struthers-Dunn has them in profu- 
sion. Yet in these days of one new development 
after another, it’s sometimes nice to fall back on 
old standbys that have been so widely used and 
time-proven you can accept them in absolute con- 
fidence and without lengthy testing to convince 
yourself they'll do all they’re supposed to do. 
Struthers-Dunn Midget Relays are that kind of 
component. Except for improvements in mate- 
rials and expansion of the line to meet new re- 
quirements, these famous little units haven't 
changed much in 20 years. The reason is that 
their original concept is just as basic to many 
applications today as it was then. And, through- 
out the years, they've rung up a rather remarkable 
record for performance and durability on every 


type of application that comes within their scope. 


Write for S-D Data Bulletins 
2100, 2103, 2118 














D 


standing frequency stability and neg- 
ligible electrical leakage. 

\ sintered porous tantalum anode 
is hermetically sealed in a fine silver 
case which serves as cathode. Fan- 
steel Metallurgical Corp., Dept. EMC, 
North Chicago, III. — 579 


HOLLOW-SHAFT 
DIFFERENTIALS 


Two new models of 1%4-in. hollow-shaft 
mechanical differentials, designed to 
permit interchanging of end gears, fea- 
ture greater flexibility for original de- 
sign work, one model having an 0.880 
in. diam working circle and 0.500 in. 
across the inside face of end gears. The 


other model has a working circle of 
1.032 diam and 0.563 across inside 
face of end gears. 

Both models can be modified in back- 
lash and breakaway torque to meet 
departures from standard — perform- 
ance. Available in either a ¥g or °16 
in. bore and can also be furnished with 
shafts preassembled. Arch Instrument 
Co., Inc., 101 Holmes St... North Quincy 
71, Mass. — 580 


D-C HEAT EXCHANGER 
MOTOR 


Intended for constant speed applica- 


CA, 


Q 


5,348 Relay Types—World’s most diversified relay selection 


STRUTHERS-DUNN, Ine. tions and available in ratings from 25 


Pitman, N.J. to 300 hp, this d-c heat exchanger 
motor is constructed in an explosion: 





proof enclosure (Class I, Group D, 
Underwriters’ Label) and with stand- 
ard enclosed construction for protec- 
Sales Engineering Offices in: Atlanta + Boston + Buffalo + Chicago + Cincinnati tion against abrasive airborne parti- 
Cleveland + Dailas » Dayton’ Detroit « Kansas City » Los Angeles » Montreal » New 


Orleans * New York « Pittsburgh + St. Louis » San Francisco « Seattle » Toronto cles, dirt, coolants, moisture, oil vapors 
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sets quality standards to 


make high-speed driving pay off 


its full potential 


Are you “collecting” the savings you rightfully 
expect from the use of automatic screw driving 
machines and other power driving equipment? 
Most of the potential savings can be wasted 
when fastener faults cause frequent downtime 
on the assembly line. 

That is why Continental quality-control stand- 
ards are matched to the most exacting demands 
of high-speed driving equipment. Special tests 
and trial runs are used to spot any defects that 














Here’s where you 
win or lose on 


fastener costs. 


in savings 


might pass undetected in ordinary inspection. 
No screws that fail to meet Continental’s close 
tolerances get by. You get dependable uniform- 
ity in every detail, and avoid slow-downs. 
Next time you order fasteners, specify Conti- 
nental HOLTITE. You'll see why Continental 
users “collect”—day after day—the full savings 
planned in assembly. For prompt service, write 
or phone: Continental Screw Co., 455 Mt. 
Pleasant St., New Bedford, Mass. 























Keep assemblies 


Test runs duplicate 
assembly line conditions 


Automatic screw driving machines 
of the types in current use are set 
up in the Continental quality-con- 
trol laboratory as required for test 
runs under job conditions. With 
these and many other tests, Con- 
tinental assures you of fastener 
quality and uniformity matched 
to the toughest high-speed driv- 
ing demands, 


CONTINENTAL 


MEMBER HOLTITE FASTENERS 


SCREW RESEARCH 


ASSOCIATIO HOLTITE PHILLIPS AND SLOTTED HEAD 
WOOD * MACHINE * TAPPING * THREAD-FORMING * SEMS * NYLOK 
HY-PRO PHILLIPS INSERT BITS AND HOLDERS 
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Are you missing savings 
you could be making ? 


Find out how Continental special- 
ized cost-saving experience can 
help you. At your request, a 
Continental Assembly Specialist 
will survey your operations, and 
make detailed recommendations 
for maximum cost. reduction 
This advice is unbiased, since 
HOLTITE Fasteners include all 
types of threaded fasteners. 


“uth eo ay 





Save 65¢ 
on each 
Fastener Dollar! 


Replace expensive heavy 
nuts and jam nuts 
with low-cost, vibration-proof 


PALNUT Lock NUTS 


All PALNUT Lock Nuts pro- 
vide attractive savings—but in 
sizes from 3%” and up, the ratio of 
economy increases dramatically. 
On many applications, Type R 
PALNUT Lock Nuts can do the 
job better, at 4 the price! 
PALNUT spring-tempered steel 
lock nuts provide rugged assem- 
bly for loads in shear and mod- 
erate tensile loads, in sizes up to 
214” diameter. In addition, you 
get the following design and cost 
advantages: 


Vibration-proof assemblies without lock- 
washers. 


Save Space—need only 3 bolt threads, 
permit shorter bolts. 

Save Weight—PALNUTS weigh 65% less 
than plain nuts, 80% less than plain nut 
and lockwasher. 


Precision Made—always fit screw threads. 
Fast Assembly with hand or power tools. 


Sizes from #3-48 Machine Screw through 
2¥2” American Standard Heavy. 


Above: A %&"-18 PAL- 

NUT securely fastens 

inlet nipple in airplane 

brake assembly. 

: Above: A 1”-14 PAL- 

Right: A %”-20 PAL- S NUT holds rear view 
NUT used on base as- ie - ry mirror bracket to cowl 
sembly of food mixer. of automobile. 


Write for literature and free samples, stating type, size and application. 


THE PALNUT COMPANY, 66 Glen Road, Mountainside, N. 5. 


in Canada: P. L. Robertson Co., Ltd., Milton, Ont. 


LOCK NUTS PAN 


FASTENERS 


Quick, secure fastening at low cost 
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and other severe atmospheric condi- 
tions. 

Designed for indoor or unprotected 
outdoor service in the oil and chemical, 
cement, paper, rubber and steel indus- 
tries. and for machine tool, materials 
handling and similar applications with 
range ef adjustable speeds from 5 pet 
cent of base motor speed by armature 
control (constant torque) to 400 pet 
cent of base speed by field control 
(constant hp). 

Can be mounted — floor-horizontal. 
wall- or ceiling-horizontal, or vertical 
with the shaft up or down. The Louis 
Allis Co., 427 E. Stewart St... Milwau- 
kee 1. Wise. — 581 


ADJUSTABLE VOLTAGE 
DRIVE 


Anode transformer type adjustable 
voltage drive features wide speed range 
(200/1) and close speed regulation 
(45 per cent). Two control tubes in 
control circuit, one for amplification, 
the other for voltage regulation. Other 
circuit elements are static or semicon- 





ductor components. Drives are available 
as standard packages in sizes ranging 
from %4 to 40 hp. Standard features in- 
clude dynamic braking, dual voltage 
operation, and adjustable’ current 
(torque) limit control. Square D Com- 
pany, 4041 N. Richards St., Milwaukee 
12, Wisc. — 582 


R-F CHOKE KITS 


Series of 3 r-f choke kits, with a total 
of 63 chokes in the preferred series of 
inductance values, are packaged in 3 
handy clear plastic boxes for immediate 
selection of choke parameters for any 
specific design condition. Each kit con- 
tains a removable, mahogany-finished 
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Now, just one step! Analac lets you solder 
without pre-stripping! 


Anaconda’s Analac* film-insulated, solder- 
able magnet wire can be used just as you use 
Formvar or Plain Enamel—except that it is 
solderable without stripping! 

Saves time and money wherever many sol- 
dered connections are to be made. Soldering 
by dipping, iron or gun produces a perfect 
joint. 

Performs well in high-speed winding. Analac 
has the excellent abrasion-resistance and 
other good mechanical properties of the 
enamel wire you're now using. 


See the Man from 


ANACONDA > 


for ready-to-solder 


Analac 


magnet wire 


NEW CATALOG ON 
Your the a 


Mo 


for 


Distinctive red color simplifies identification 
. is highly visible, helping operators turn 

out higher quality work. Color is stable dye 

used for identical applications for years. 


Available in exceptionally wide range of sizes. 


The Man from Anaconda can give you more 
information and help with a production run 
in your plant. See “Anaconda” in your phone 
book—in most principal cities—or write: 
Anaconda Wire & Cable Company, Magnet 
Wire Headquarters, Muskegon, Michigan. 


Reg. U.S. Pat. Off. 57306A Rev. 


Anaconda Wire & Cable Company 
Magnet Wire Headquarters, 
Muskegon, Michigan. 


Please send me catalog C-95A on Analac ready- 


to-solder magnet wire. 
NAME & TITLE 
COMPANY 

ADDRESS 

CITY, ZONE, STATE 


ANALAC 
ng 
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block which holds the chokes in proper 
position, permanently mounted to a 
sturdy, printed backboard with com- 
plete technical data for each choke. 
Series “S” kit contains 19 chokes in 
an inductance range of 0.1 to 100 yh. 
Series “M” kit contains 19 chokes from 
1.0 to 1.000 zh. Series “L” kit contains 
25 chokes from 1.0 to 10,000 ph. Essex 
Electronics. 550 Springfield Ave., Ber- 


keley Heights. N. J. — 583 








BETTER BRUSHES... 

b d , ENCAPSULATED SILICON 
ased on a complete analysis RECTIFIERS 

of your motors’ requirements Line of encapsulated silicon rectifiers 


includes piv values from 350 to 3200, 

current ratings from 150 ma to 1 amp. 

Stackpole Custom Brush Engineering solves as Ambient ratings are up to 140 C. Stock 
many brush problems by detailed attention to such 
mechanical factors as shunts, springs, terminals or 
caps, tolerances, corner bevels and heads as it does 
by recommending suitable brush grades. More to 
the point, modern brush selection for motors of all 
sizes is based on a combination of the two—and 
Stackpole supplies this combination in full measure. 





Most of our recommendations are based on exten- 
Sive tests of the actual motorized equipment in the 
Stackpole laboratories. Specific motor operating con- 
ditions and specified performance objectives are fully 
considered. Variables taken into account include 
rpm., service load, desired brush life, permissible 


commutator wear, acceptable noise levels, contam- items include direct-replacement types 
for 6X4. 5Y3. and other vacuum iubes. 
Printed circuit and underchassis types 


inating atmospheric influences, temperature rise and 

others. Brush grade and brush mechanical factor et te eS ee Eels oe. 

recommendations are then made accordingly. wave bridge, and half-wave versions. 

This service costs nothing extra and goes far toward Control Circuits, Inc., 5 Barton Hill, 

. . one ‘ac é m & : — 584 
assuring maximum dependability for your motors. East Hampton, Conn 


Stackpole brushes are sold only as original equip- 
ment—not as replacements. CENTRIFUGAL SWITCH 


—— SO eae } 
STACKPOLE CARBON COMPANY, St. Marys, Pa. Bulletin 2210 centrifugal switch, with 
overall adjustable speed range from 70 
to 5000 rpm and operating speed ad 
BRUSHES * CONTACTS « VOLTAGE REGULATOR DISCS * CATHODIC PRO- 
TECTION ANODES + SEAL RINGS *« CLUTCH RINGS + FRICTION SEGMENTS 


CHEMICAL ANODES +» POROUS CARBON and dozens of other related products. 


Custom-Engineered 


» BRUSHES 


for all rotating electrical equipment 


justable while the switch is running, 
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PRODUCT-DESIGN BRIEFS FROM DUREZ 


A switch for fumblers 


Ever try to change a fuse on a 30-amp 
switch in pitch darkness? 

“No—and why should we?” retort the 
designers of many such useful devices. 
“Anyone who doesn’t have a flashlight 
handy for these little emergencies is ask- 
ing for trouble.” 

“Yes—and it was a horrible experience,” 
breathes the designer of this switch. 
“Young son had used up all the flashlight 
batteries at Scout camp. Horrible. Gave 
me the idea for a switch anybody could 
re-fuse. It works, too.” 

This insight into the limitations of the 
average American householder is now 
helping to swell demand for the 30-amp 
safety switch pictured here. As you can 
see, the crossbar that actuates the contact 
has been moved to the back where it 
cannot get in the way of fumbling fingers. 

To accommodate the new design, a one- 
piece block of Durez phenolic supplants 
a two-piece porcelain block. The more 
compact block of Durez allows extra 
hand-room for wiring the switch, and 
weighs less without loss of performance. 

Have you an idea for a better electrical 
device? The odds are good that one of 
more than 200 Durez molding compounds 
can give it the exact mix of properties you 
want it to have. To narrow the uncer- 
tainty, see your molder or write us direct. 


Jet-age abacus 


With the help of Durez plastics, man can 
string words and numbers on wire like 
beads and pick them off again in millionths 
of a second. 

His modern abacus is the IBM magnet- 
ic core. memory. Thousands of tiny fer- 
rite cores are wired into a frame like the 
one in the middle of this page. In an array 
of these core planes, stacked one atop 
another, electrical impulses alter the mag- 
netic state of cores. A line of cores, some 
altered, some neutral, stands for a word 
or number, awaiting the impulse that re- 
leases it for calculation. 


FEBRUARY 1959 


® New safety switch idea 


@ Phenolics in data processing 


® What's hot in heat resistance 


IBM engineers needed modern materials 
to bring this jet-age concept into being. 
The frame that supports the cores must 
be an excellent insulator. It must be free 
of internal stress that would cause warping 
or cracking. During assembly it must with- 
stand the heat of dip soldering without 
losing its dimensions. Once assembled, it 
must not shrink or expand. 


SARADELSETESUGTESAT GT TTT ESTE a. | 


International Business Machines Corporation 


For the core frame, designers and mold- 
er chose a mineral-filled Durez phenolic 
that delivers the ultimate in stability, heat 
resistance, dielectric strength, and mold- 
ability, meeting all requirements. 

Other Durez phenolics prove their in- 
born versatility in the molded circuits of 
stepping switches, emitters, and zebra 
plates in new IBM accounting machines. 


How much for a handle? 


No, you don’t really need a slide rule to 
design a coffeepot handle, but it helps. 
This designer, at the moment, is not 
concerned at all with the compound-curve 
esthetics of coffeepot handles. He is sim- 
ply figuring out how many handles his 


molder can make out of 1,000 pounds of 
which molding compound, and for how 
little money. 

With the slide rule, it takes him only 
three and a half minutes to learn that his 
best bet for this handle is likely to be Durez 
1308. Of the many mineral-filled phe 
nolics we make, this one is in the lower 
gravity range. More pieces per dollar. 

He has already checked into /308’s 
other traits: rich black surface, uniform 
luster, good heat resistance (it withstands 
450°F for short periods), low water ab- 
sorption, flexural and tensile strengths OK. 

His molder confirms the choice, for dif- 
ferent reasons: he can get /308 in four 
different plasticities, can plunger mold it, 
and it cures fast. Looks as if another good 
product is off the ground. 

You don’t design handles? Well, /308 
appears to fit into more heat-resistant ap 
plications than any comparable material 
ever developed: appliance and meter hous- 
ings, wiring devices, tube bases, sockets, 
coil forms. The list goes on and on. But 
we'll stop so you can talk to your molder 
about 1308 for that next hot-spot job 


For more information on Durez materials, check here: 


oe 


8-page Bulletin D400 lists properties, uses, design advantages of Durez 


thermosetting compounds, Hetron fire-retardant polyester resins, and Durez 


phenolic bonding resins. 


() “Durez Plastics News,” mailed periodically, shows and describes latest uses 


of Durez materials. 


Clip and mail to us with your name, title, company address. (When requesting 


samples, please use business letterhead.) 


lh  nidheslcaiashantiiiddhag hkediancabnanthnantielnehiceanipicuapemnidnnmmemapitebabitn ennai 


— 


CHEMICALS 
PLASTICS 


cic its Cink a aa 


PLASTICS DIVISION 


HOOKER CHEMICAL CORPORATION 


1302 Walck Road, North Tonawanda, N. Y. 
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typ 


to meet ALL 


needs 


GRC offers you quality, quantity and economy 
PLUS your choice of two basic styles—one-piece — wheadsy —™ yn 
zinc alloy die cast fasteners or assembled zinc Lo a3) { Yi 
alloy blanks with screw material of other metals } . 

Wing Screws have generous washer-type shoul 


ders, patented recessed fingergrip wings. 


Thumb Screws hove exclusive wide heads 


firm, comfortable grip; plain or shoulder 
Clean accurate threads. Bright, 
th proof, non-corrosive finish. 


mew catalog of Die Cast 





Molded Fasteners 


GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Die Castings 
149 Beechwood Avenue, New Rochelle, N. Y. © NEw Rochelle 3-8600 


die cast Ww 
WING . THUM 


for $$ Threaded 3 ? 

type 2 $e shafts 7; | 

rust $ ¢ \ of any 3 4 
Wide — “metal 7 ; 


range of styles, threads and lengths 


and GRC at the 













BARI 


f 
i 


2-PC. ASSEMBLY 


die cast 


\ 





Write NOW for prices and GRC’s 


Be sure to see 


L.R.E. Show 
Booth 4108 
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Design 


RESISTORS »RHEOSTATS 
ed to MEET and EXCEED 


MIL Specifications 


TRU-OHM is your prime source for 
quality resistors and power rheo- 
stats to meet your most intricate re- 
quirement . . . for civilian or military 
applications. A TRU-OHM represen- 
tative is in your area to serve you. 


rs alien 
a Our latest catalog is 


available upon request 


RU:OHM PRODUCTS 


Division of Model Engineering & Manufacturing, Inc. 





casaial P 
SS 
|] __ 


Find out why TRU-OHM is Amer- 
ica’s No. 1 Source for Wire- 
wound Resistors and America’s 
Fastest Growing Source for Power 
Rheostats . . . Your inquiry will 
receive immediate attention. 


General Offices 


CHICAGO 18, ILL. 


FACTORY 
HUNTINGTON, INDIANA 
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2800 N. MILWAUKEE AVE. 


measures 734 in. long x 3%6 in. high x 
334 in. wide. Type C is permanently 
lubricated and housed in a rugged en- 
closure of tough glass-fiber reinforced 
polyester resin to withstand severe 
shock impacts and resist acid, alkali, 
salt compounds and moist corrosive at- 
mospheres. Two separate sets of con- 
tacts can be adjusted for operation at 
different speeds so that two separate 
operations can be controlled from one 
speed-sensitive switch to perform two 
different functions at two different 
speeds. The Euclid Electric & Mfg. 
Co., Madison, Ohio. — 585 


SPEED CONTROL VALVE 


Valve which can be installed as an 
integral part of any Hannifin Series 
“CC” 
“Speed Control Section” unit is capable 


directional air control valve 
of accurate control of cylinder piston 
speeds by independently metering ex- 

















haust flow from both ends of an air 
cylinder through a single exhaust port 
in the valve. Is only 5¢ in. thick, con- 
structed of corrosion-resistant materials, 
and conforms to JIC recommendations. 
Hannifin Company. a Div. of Parker- 
Hannifin Corp., Des Plaines, Il. ~586 


HIGH ALTITUDE 
CENTRIFUGAL BLOWERS 


Where constant-weight flow of cooling 
air is desired, as in high altitude vehi- 
cles, variable speed centrifugal blow- 
ers are indicated. Model C5N3J-1CC, 
specifically designed for one particular 
application, increases in speed 3 times 
from sea level to 50,000 ft to assure 
a constant high level of cooling at 
altitude. Automatically varies speeds 
inversely with density, thereby ap- 
proaching constant cooling with a min 
of power drain and noise. 

A variety of operational frequencies, 
cfm outputs, blower housings, suitable 
mounting bases, variable or constant 
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Now you can pick 





the right handle design from Chassis-Trak 


If you want panel handles solely for 
pulling your equipment from its cab- 
inet, Chassis-Trak plain blank handles 
are just the ticket. But don’t forget that 
Chassis-Trak also offers eight other 
handle designs to meet any tilting, lock- 
ing and special installation needs. 

The complete Chassis-Trak line in- 
cludes handles with push button panel 
locks, trigger tilt controls plus posi- 
tive clamp-type models for installation 
where extreme shock and vibration are 
encountered. In short, there’s a Chassis- 


for further information contact: 


525 SOUTH WEBSTER, 
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Trak handle design that fits the bill 
exactly no matter where or how your 
equipment is mounted. 

Chassis-Trak handles are die cast or 
sand cast of aluminum alloy. Chip re- 
sistant finish is aluminum slurry baked 
on over a clear lacquer-base sealer. Fin- 
ish has successfully passed salt spray 
(1,000 hours) and humidity (200 hours 
at 100% ) tests. Offset design permits 
maximum use of panel space. All han- 
dles furnished complete with hardware 
and mounting instructions. 


Chassis-Trak “‘Detent” slide, 
one of seven different tilting positions. 


INDIANA 


INDIANAPOLIS 
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All models can be finished to your 
specification. Get details from Chassis- 
Trak engineers. 


+ 


5 
- 
- 
* 
. 
* 
. 
. 
. 
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: GENERAL ELECTRIC 

e@ SPEEDS PRODUCTION 
WITH 

3-D MICRO-VISION 


How B&L Stereomicroscopes help in 
assembly of ultra-precision transistors 


These skilled operators are doing a job that “just couldn’t be done 
without stereomicroscopes,” according to Norman Spoonley, foreman, 
Semiconductor Products Dept., General Electric Co., Buffalo. This 
critical phase of transistor assembly involves soldering a 1-mil nickel 
wire between a nickel tab and the .6-mil core of a .1” germanium 
pellet which, in turn, is fused between two 5-mil nickel wires. B&L 
Stereomicroscopes make it possible by showing enlarged views in 
natural 3D. Air-tight, dust-free design keeps images sharp, clear, un- 
distorted ... for full-working-day efficiency without visual fatigue. 
In assembly, quality control, inspection, some 100 B&L microscopes 
help G. E. mass-produce to highest precision standards. If you have 
small-parts assembly and inspection problems, you need B&L Stereo- 
microscopes, 


poco cee ee enn en eo ee ee - +--+ 

- BAUSCH & LOMB OPTICAL CO. 
SEE FOR YOURSELF! 1 84738 St. Paul Street, Rochester 2, N. Y. 

; sfts : 

(J I'd like to borrow a B&L Stereomicro- 

MAIL COUPON FOR : scope for 15-day trial without cost or 
FREE 15-DAY TRIAL ; obligation. 

1 ([ Send me Stereomicroscope Catalog 

D-15. 


Name ..... 


BAUSCH 6 LOMB [Ra 


5 Company 
a 


Address . 
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speed types and other modifications 
are available. Ashland Electric Prod- 
ucts, Inc., 32-02 Queens Blvd., Long 
Island City 1, N. Y. — 587 


LIMIT SWITCHES 
Load-carrying characteristics of Lox- 
switch are increased by the use of 
heavier solid-silver contact bars and 
oil-, dust- and water-tight characteristics 
are improved by adoption of a heavy 
cover for better sealing. 

\ housing insulator with high dielec- 
tric qualities and formability provides 
an arc-resistant barrier. Other advances 





include adoption of a_ ball-broached 
main bearing for more precise con- 
struction and use of a select grade of 
spring steel. 

Providing 70 deg safety overtravel in 
either direction, these switches require 
only 125 in.-oz actuating force to trip. 
Available in 29 contact arrangements, 
including SPDT, multiple circuit and 
neutral position switches with oyer 150 
lever styles. R. B. Denison Mfg. Co., 
102 St. Clair Ave., N.W., Cleveland 13, 
Ohio. — 588 


STEP-DOWN TRANSFORMERS 


Low-power moisture-proof and noise- 
free transformers for remote control 
and signal circuits in small-size units 
are available with various mounting 
arrangements and connection facili- 
ties. Two power ratings of 10 va and 
25 va in five outputs from 6 volts to 
24 volts are standard. Features include 


low heat rise. windings insulated from 
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Fenwal THERMOSWITCH Temperature Controls are 
enclosed in a tamper-proof assembly that’s built to 
take grueling punishment — and stay highly accurate, 
uniformly sensitive throughout the operating range — 
and its range is three to five times that of an ordinary 
thermostat! 

That means you can run your machine at greater 
speeds ... your machine will require less maintenance! 
It means greater flexibility for your machine — greater 

9 sales for you — and all at a low first cost. 
It ~) a Even the assembly of a Fenwal THERMOSWITCH unit 
is easier and cheaper! The application of Fenwal 
THERMOSWITCH units are limitless — they’re being 
bd used in planes... factories...ships... hospitals... 
tough life homes . . . laboratories — used almost any place where 
temperature is a factor and accuracy is a must! 
Drop us a line at Fenwal Incorporated, 12 Pleasant 
Street, Ashland, Mass. and we’ll send you our catalog 
MC-135 or our sales engineer, whichever you want. 


but the sensitive 


Fenwal THERMOSWITCH: unit takes it in its stride 


This is our 17000 series (we’ve got 25,000 other variations 
with the operating ranges from —100°F to 600°F) in use in 
Master Jet Frymaster. The Fenwal control gives the ma- 
chine rapid, precise response; greater reliability — even 
makes it more economical by conserving cooking fat and gas! 


—— 


— 
Wm!!!) 4415); ,;, 
" P 





CONTROLS TEMPERATURE... PRECISELY 
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Only Bruning’s /Qy, Years-Ahead Cgw//ox 675 


Offers So Many Operator Conveniences! 





Look! No Hande/ 





But the Paper Stays in Place! 


No hands need hold paper on 
the feedboard of Bruning’s new 
Copyflex 675 reproduction ma- 
chine. A unique system of vacuum 
ports keeps material in position 
until the operator is ready to feed 
it into the machine. 


This is just one of many new, 
advanced operating conveniences 
that include an exclusive four- 
way tracing tray that adjusts to 
stack or to permit fast removal 
of tracings...a feed band system 
that eliminates curling and wrin- 
kling of tracings...enclosed, easy- 
to-load feed rods for roll stock... 
an electrically controlled machine 


(BRUNING ) 





height adjustment, and a split- 
shade lamp control that enables 
simultaneous insertion of differ- 
ent materials. For added conven- 
ience, there’s a handy storage 
drawer and swing-out ash tray. 


Add to these operator conven- 
iences the 675’s 46-inch printing 
width, a mechanical speed of up to 
75 f.p.m., and a fast-printing 7,500 
watt lamp variable to 5,000 watts. 
All this, plus many other advance- 
ments, puts the “675” years-ahead 
of any other reproduction machine 
on the market. It’s the modern 
whiteprinter that gives your oper- 
ators MORE to do MORE for you. 








Copyex. 2 


Diazo Reproduction at Its Best 


Charles Bruning Company, Inc., Dept. 2-WW 
1800 Central Road, Mount Prospect, Ill. 
Offices in Principal U.S. Cities 

In Canada: 105 Church St., Toronto 1, Ont. 


Please send me my free booklet on the new 


Copyflex Model 675. 


Name eran Title _ 
The Bruning Men is your 
expert on Diazo reproduction. Compony __ ee 
He’s backed by a company with 
over 60 years’ experience as a a ee eS 
researcher, manufacturer, and 
supplier. He's located in prin- City ___ County State 


cipal U.S. cities. 
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core with nylon, high temperature 
plastic and metal shells, screw termi- 
nal molded in plastic case. Are UL 
approved. Anderson Controls,  Inc., 
9959 Pacific Avenue, Franklin Park, 


Iii. — 589 


HATCHWAY LIMIT SWITCH 


Type HDH hatchway limit switches for 
industrial, marine and naval use em- 
body one or 2 cam-opened, spring- 
closed, slow-acting switching elements. 
Switching elements easily adapted for 
one or 2 NC circuits, one or 2 NO 
circuits, or one NO and one NC circuit. 


Available in a weatherproof enclo- 





sure, a dust-tight enclosure, or a water- 
tight enclosure. 

Rated up to 600 volts at a max con- 
tinuous current of 25 amp, a-c or d-c. 
Operating lever can be provided with 
a rubber or a steel wheel and is self- 
centering; will operate switch when 
moved in either direction. Westing- 
house Electric Corp.. P. O. Box 2099, 
Pittsburgh 30. Pa. — 590 


SERVOMOTOR GEAR HEAD 


Precision servomotor gear head 750GH 
is double-lipped clamp-equipped and is 
particularly advantageous since present 
BuOrd style end caps on size 8 servo- 
motors do not have tapped holes for 
screw mounting gear heads. The motors, 
however. have a groove formerly used 
for attaching gear heads with ears, dogs 
and other multi-part devices. The same 
groove is used with the new Bowmar 
clamp whose design, similar in prin- 
ciple to clamps used for ganging po- 
tentiometer housings, provides plug-in 
simplicity while imparting greater rigid- 
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Dress Up Your Products 
with these 


NEW 
KNOBS 


















Featuring metal inserts of 
chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 
8027 W. Monticello * Skokie, Ill. 
: Circle 299 on page 17 


i aS | 
STEEL BLUE 


= ? ————SSS= 
= Stops Losses A Popular package i = 
f 1 ge is 
=: . fi SS $08. can fitted with 
= making Dies Tal) = y Bakelite cap holding 
T i) ie. soft-hair brush for a 
emplates 5 VYKEM plying right at bench: 


















i metal surface ready for 
3 PEL But layout in a few minutes. 
The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 

accuracy. 














i 





Write for sample 
on company letterhead = 
THE DYKEM COMPANY = 
2303F North 11th St. St. Levis 6, Mo. = 
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RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place makine 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers 


Write for descriptive folder 


THE RAJAH COMPANY 


33 VERONA AVE., NEWARK, N. J. 
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ELECTRONIC COMPONENTS 


in standard & miniature sizes. Plugs, 
jacks, microphone connectors, adaptors, 
push button switches. Adaptable to spe- 
cial specifications. Write for catalog. 

















CKS 
Ruggedly built long frame telephone 
switchboard jacks in 2 frame designs 
and all standard circuit arrangements. 
Welded steel frames for rigidity. Nickel 
silver alloy springs for greater service 
life and resistance to corrosion. Made in 
commercial and military types (Mil-J- 
641). Special designs on order. 


im AU 
Richards Electrocraft, Inc. 


® 4416 N. Kedzie Ave., Chicago 25, Illinois 


AP wea jt €& } 
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isture nor temperature 
nges Car affect an Adlake relay. Hermetically 
sealed mercury-to-mercury contact is 
ole -p@mmenar-bec-ta(-t-t— can't t n, pit or stick. A-plus 
qualities backed by a century of service. What's 


Vella orelah ice) Mm slce)e) (tithes aaic-mecolet-h eam) lemme) e)iler-lelelan 


ot at stake? 


NO. 1140, one of 
4 basic models 
designed to your 
control needs. 













depend on 


| 
| 


I te 
In dlake 


mercury relays 
late mere) sige) is 


SEND FOR FREE 
CATALOG J- 8202 
Adams & Westlake 
Elkhart, Indiana 
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MODEL 
SERIAL § 





ity to the overall assembly. Also pro- 
vides a uniform clamping pressure to 
eliminate warpage or other uneven 
strains. Bowmar Instrument Corpora- 
tion, 8000 Bluffton Rd., Fort Wayne. 


Ind. — 591 


CAM-TYPE CENTRIFUGAL 
CLUTCH 


Cam-type centrifugal clutch uses a 
moderate camming action to permit it 
to disengage at approx the same speed 
with which it engages. It is intended 
for applications that have high op- 
erating speeds or medium pulsating 
loads. In motor applications, this cen- 
trifugal clutch provides low-line volt- 





smaller 


much 


age protection and 
motors can be employed. When smooth, 
gradual load pickup is essential the 
centrifugal clutch makes it 
to engage the speed of the load by 
Avail- 
able in 1 to 30 Jb-ft capacities, with 
speeds from 1200 to 3600 rpm, 414 
in. OD ‘i in. diam bore. Fairbanks, 
Morse & Co., Magneto Division, Beloit, 
Wis. — 592 


possible 


rheostat control of the motor. 


MAGNESIUM SHEET ALLOY 


Alloy ZEIOA magnesium 
plate alloy does not require stress re- 


sheet and 
lief after welding. Contains zine and 
rare earth metal as alloying constitu- 
ents, is advantageous in very large 
structures and in field repair operations 
where stress relief is difficult to apply. 
For missile shipping and storage con- 
tainers, shipping containers for com- 
mercial bulk products and tank-trailer 
bodies. 


(Continued on page 290) 
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73 YEARS OF 
HEADING 
EXPERIENCE... 


SINTERED SILVER 
CADMIUM OXIDE ~ 
WIRE 





THOMSON 
“710” 
CONTACTS 


Thomson 710 Silver-Cadmium Oxide Heavy 
Duty Electrical Contacts, cold-headed directly 
from sintered wire, cost no more than 
oxidized contacts because of Thomson's 
special equipment and techniques. Yet, they 


give you the benefits of: 


1. Uniform Dispersion of Cadmium Oxide throughout 


the silver matrix. 


z i JNIFORM DISPERSION OF ‘ . a 
: 6 ee ‘3 | tir ened peo aah 2. Uniform Electrical Conductivity for all parts and all 
CLES AND UNIFORM 
STRUCTURE are evident in batches. 
this magnified (20 times) 
. m ross-section of a contact 
AY . q rivet cold-headed direct 0 = 8s, . . : 
a ehh ee eRe Ped ues Oe wengert mi 3. Uniform Ductility which provides reproducible 
t ; aX f oe Ra ( Pale wire, Thom 


1 90°; Silver staking and double heading. 
Cadmium Oxide 


Complete Data and Test Samples are available on request. 





Electrical Contacts Division 


supson t. 1 [n}(O)()\] SO|N] mes. co., wartuam 54, mass. 


Since 1885 
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Mechanical properties in the H24 
temper (strain hardened, then partially 
annealed) include: tensile, 38,000 psi; 
tensile yield, 28.000 psi: compressive 
yield, 26,000 psi. Also furnished in the 

0 temper (fully annealed). Dow 
Chemical Co., Midland, Mich. -—>593 


VARIABLE-SPEED DRIVE 


Lever and push-rod speed control is 
available for the Servotran, mechanical 
variable speed drive for up to 14 hp. 
Output torque is constant and the efh- 
ciency is between 85 and 95 per cent. 





Speed is infinitely variable over the 
full range. This speed drive is also 
available with a operated 
shift and with a calibrated dial for 
precision manual speed adjustment. 
Friction brake on the dial holds the 


solenoid 


a special 10-turn speed control dial. 
Humphrey, Inc., Humphrey Products 
Div., 3794 Rosecrans St., San Diego 
10, Calif. — 594 


MINIATURE PULSE TUBE 


The high pulse-emission 7318 miniature 
twin-triode pulse tube provides 2 amp 
of peak current in 10-microsec pulses, 
features fast operational warm-up. 
Major uses include industrial, com- 
puter, missile and airborne applica- 
tions and is suited for blocking oscil- 
lators, square-wave modulators and 
multivibrators. 

Will operate in an ambient tempera- 
ture range of —62 to +100 C. Pure 
tungsten, 175-ma heaters of the 9-pin, 
medium-mu amplifier have high me- 
chanical strength and long life under 
on-off switching conditions and can be 
connected in series or parallel for op- 
eration at 12.6 or 6.3 volts. CBS-Hy- 
tron, a Division of Columbia Broad- 
casting System, Danvers, Mass. 595 


MINIATURE ELECTRO- 
MAGNETIC BRAKE 


The B-125 features high torque (40 





oz), miniature (1.125 servo mount- 
ing diameter, or face mounted), quick 
response, 0 deg backlash, no slip rings 
required and is available with output 
shaft out either or both ends. Auto- 
tronics Inc., Rt. 1, Box 812, Dept. #16, 
Florissant, Mo. — 596 


RESONANT REED RELAY 


Models A and N 8-reed relays provide 
8 individual responding to 
audio tones using a single drive coil. 
Reeds are made from precision steel, 
copper-plated and hard silver coated. 
Frequency band 280 to 500 cps. Inter- 
reed spacing approx 15 cps. Reed bank 
thermally stable. Max switch power 
14 watt. Weight 1.7 oz. Size: 116 x 1%% 
x 134. Operating power 0.5 mw. Coils 
available in 200 and 6000 ohms d-c. 


controls 


speed setting. For extreme accuracy of 
setting. the drive can be furnished with 


oz-in. min) per unit size and is com- Uses: programming; remote — se- 
pletely self-contained, lightweight (6 lective control by radio or two wires 





Titelem MINIATURE SPEED CHANGERS 


WANTED: 


... Ready-to-go ‘ 
pe Engineer- 


in your product 






e Complete 
e Compact 
e Adaptable 


Editorial Trainee 


ELECTRICAL MANUFACTURING has an opening 
on its editorial staff for an assistant editor to handle 
non-feature departments—New Components and 
Materials, Laboratory Equipment, Manufacturer’s 
Literature, Association Activities, etc. Recent en- 
gineering graduate in either ME or EE preferred, 
with indicated interest in making a career in writ- 
ing and editing material of interest to design 
engineers. 

An excellent opportunity is offered to a junior 
engineer with ambition and initiative to advance in . 
the publishing field. 

Send resume with salary requirements to Per- 
sonnel Director, The Gage Publishing Company, 


1250 Sixth Avenue, New York 20, N. Y. 


Save design, production, and assembly costs 


... USE METRON SPEED CHANGERS 
AS COMPONENTS IN YOUR PRODUCT 


© Over 400 different standard © Concentric ball-bearing input and 
ratios! 10:9 to 531,441:1 output shafts 

©@ Small! 1.050" diameter. —- @ Hardened steel spur gears 
Overall lengths: Class A, 3-1/8"; Phe 
Class B, 3-15/16"- Class C, 4-3/4” © Permanent lubrication 

@ Transmit power either way to © Prompt delivery on production 
100:1 ratios or experimental models 


Write for Bulletin 100 


EM Readers can perhaps suggest some bright 
young friend (a son perhaps!) who might wel- 
come such an opportunity to get started on 
an editorial career in a field offering opportu- 
nity for both intellectual and economic growth. 


INSTRUMENT COMPANY 
457 Lincoln St., Denver 3, Colo. 


DISTRICT OFFICES »« NEW YORK « CHICAGO 
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countered. 


now Revcor makes all 4 
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INLET RINGS - 


FEBRUARY 1959 


ANNOUNCING 


HI-STATIC SERIES 


For Use Where High 
Static Resistances Are En 


















*We are now producing Bronson Fan 
Blades under the Revcor name in our 
Plant, from the tools, dies and ma- 
chinery acquired from the Bronson 
Fan Co. 





MULTI-BLADE PRESSURE 
SERIES 

For Refrigeration and Air 
Conditioning Applica- 
tions. With or Without 
Slinger Ring. 












STATIC PRESSURE SERIES 
For efficient Air Deliver- 
ies Against Static Pres- 
sures 


PRICE SAVER 
(ALL PURPOSE) SERIES 


All Purpose Fan Blades 











ONE PIECE SERIES 
Low Cost Fan Blades for 
Freezers, Air Condition- 
ers, Refrigerators, etc 










SPACE SAVER SERIES 
Solves Problems of Lim- 
ited Space 
















ATTIC FAN SERIES 
Knock-Down Design 
Heavy Duty Belt-Driven 
Applications 


HURRICANE SERIES 
For Use Against Low 
Static Resistances 














Diameters Ranging From 
6"' Through 48''. Perform 
ance Data Available For 
Various Blade Pitches 


BLOWER WHEELS 


AVAILABLE: TECHNICAL DATA THAT WILL HELP 
KEEP YOU UP TO DATE ON THE LATEST DEVELOP. 
MENTS IN THE AIR IMPELLER FIELD! Let us put 


ie XD > = \ your name on our mailing list for this current and 

_ forthcoming important and useful material. No 

FI wueet HOUSINGS cost or obligation of course. Simply write to us 
on your Company letterhead. 


arte INC., 251 EDWARDS STREET CARPENTERSVILLE, ILLINOIS 
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EXTRA PROTECTION 


---against extreme heat, oil and pitch 


Why settle for ordinary 105°C Grade vinyl insulation sleeving 
when Resinite Super-Heat 125 far surpasses all requirements, 
yet costs no more? For use in U.L. 105°C applications. 


EXTRA-WIDE TEMPERATURE RANGE 
Effective from -42°C to 
125°C. 

EXCEPTIONALLY TOUGH 

Highly resistant to abrasion 
and cut-through. 

HIGH DIELECTRIC 

1000 volts mil avg. 

5 COLORS 

Black, white, blue, yellow, 
green. 


SUPERIOR OIL RESISTANCE 
Withstands prolonged expo- 
sure to hot oil, tar, varnish, 
pitch. 


FULL SIZE RANGE 
.018” through 2” |.D. 


SOFT-WOUND SPOOLS 

Exclusive Resinite ‘‘Soft- 
Wound” spooling assures 
full-round (not flattened) 


Write for samples and performance data. 


Hoesintte 


tHe orden CHEMICAL COMPANY Resinite Department 


Plants: Santa Barbara, Calif 


SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT 


* No. Andover, Mass. 


Nf 
Vv 


ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELDS 
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of machines, furnaces, equipment in 
hazardous locations; also in switch- 
yards; sorting; utility control: tele- 
metering and instrumentation. Remote 
Control Manufacturing Company, 268 
Marlborough Dr., Pontiac, Mich.—>597 


NUMERICAL INDICATOR 
TUBE 

Type B-5031 indicator tube, first of a 
series of ultra long life Nixie tubes, 
is designed for a life of more than 


4 


.“ 


rel 


; 


10.000 hr. This all-electronic indicator 
presents the 10 numerals (0 through 
9) in a common in-line viewing area. 
Burroughs Corp., Electronic Tube Di- 
vision, Box 1226. Plainfield, N.J.—~598 


MINIATURIZED 
PHOTOELECTRIC UNITS 


Miniaturized light sources and photo- 
units have an overall length of % in. 
Designed especially for use with the 

; rol relay IRC-5 
company’s regular control relay IRC-5 
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Rollpin replaces 12 different fasteners \ 





REPLACING A GROOVED PIN... 
in this application, Rollpin 
serves as a step pinina 
ratchet wrench adaptor. With 
its light weight and high shear 
strength, Rollpin functions 
perfectly . . . cuts assembly 
costs. 


REPLACING A KEY... Rollpin 
demonstrates its ability to do 
away with precision toler- 
ances, in this heating system 
damper arm. Faster, cheaper 
and more satisfactory than 
previous assemblies. 


REPLACING A RIVET SHAFT... . 
Rollpin serves as an axle for 
the sparkwheel of a cigarette 
lighter. No riveting or thread- 
ing necessary . . . faster as- 
sembly. Note flush, clean fit. 


REPLACING A COTTER PIN... 
Rollpin assembly time is 
shorter, service life ten times 
longer. Vibration-proof flush 
fit. Easily removable. 


REPLACING A SET SCREW... to 
fasten automobile brake han- 
dle a short length Rollpin is 
self-retained in the hand grip 
but can easily be driven into 
over-drilled hole in shaft for 
simple handle removal. 


REPLACING A CLEVIS PIN... here 
Rollpin holds firmly in clevis, 
permits free action of moving 
member. Rollpin application 
shown is the plate of a home 
workshop tool. 


REPLACING TAPER PINS .. . in 
the assembly of precision dif- 
ferentials eliminated cost of 
taper pin reamers and the en- 
tire reaming operation. Roll- 
pin costs less than a taper pin 
and installation is cheaper. 
They remove easily. 


! 
I 





REPLACING A HEADED PIN ... in 
this hinge pin application, 
Rollpin is simply and-inexpen- 
sively driven in place, greatly 
reducing assembly costs. Con- 
stant spring tension holds 
Rollpin firmly in place .. . 
eliminates loosening of hinge 
due to wear. 


REPLACING AHUB ONAGEAR... 
Rollpin, self-retained in shaft, 
is simply snapped into mold- 
ed slot to position sintered 
gear. This application, by an 
office equipment manufac- 
turer, effects major savings in 
assembly. Rollpin’s high shear 
strength is particularly valu- 
able here. 


ee CC R@Oeceeoeteceaes 


REPLACING A DOWEL PIN... 
Rollpin is used here to pre- 
vent rotation of a thrust bear- 
ing. No reaming, no special 
locking. Easily removed. 
Lowest possible dowel pin 
cost. 


REPLACING A BOLT AND NUT... 
Rollpins act as fasteners and 
pivots for the linkages in this 
electric welder. Rollpins may 
be used with a free fit in outer 
or inner members depending 
upon product design require- 
ments. 


oe @ ee @Oe eS & OE 


REPLACING A RIVET... . Rollpin 
serves as guide shaft for 
spring-loaded electrical inter- 
lock contacts: This electrical 
equipment manufacturer re- 
ports that rivet failure pre- 
viously occurred at the 
clinched end under normal 
operating impact and vibra- 
tion. 








WHERE CAN YOU USE 
THIS SIMPLE FASTENER? 





Rollpin is the slotted tubular steel pin with chamfered ends 
that is cutting production and maintenance costs in every class 
of industry. 

Drives easily into standard holes, compressing as driven. 
Spring action locks it in place—regardless of impact loading, 
stress reversals or severe vibration. Rollpin is readily remov- 
able and can be re-used in the same hole. Made in carbon steel, 
stainless steel and beryllium copper. Write for samples and 
information, ELASTIC STOP NUT CORPORATION OF AMERICA, 
2330 Vauxhall Road, Depi. R47-222, Union, New Jersey. 





ELASTIC STOP NUT CORPORATION OF AMERICA wy 
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2330 VAUXHALL ROAD, UNION, NEW JERSEY 











KELLOGG 


TYPE “L’ RELAY 
miniaturized - versatile - reliable 


A RE-ENGINEERED VERSION 
OF THE DEPENDABLE MODEL 
USED FOR YEARS IN 
TELEPHONE OFFICES 


Kellogg’s Type “L” Relay features— 

High operating force: greater sensitivity, gram 
pressure, springs per pileup. 

Rear mounting: for ease of wiring. 


Wide coil variety: single or double wound, for any 
circuit needs. 


Bifurcated stationary springs: for independent contact 
action and high reliability (single contacts also available). 


Heavy duty bronze yoke and stainless steel bearing 
pins: for long life and stable adjustment. 


Single or double arm type armatures available. 
Hermetically sealed models, if desired. 
Operating speed: minimum of 1-2 milliseconds. 


Contact points: gold, silver, palladium, tungsten; 
others available. 


Residual: adjustable and fixed. 


Time delay: heel-end slugs and armature-end slugs 
for release time delay and operate time delay, respectively. 


Terminals: slotted. 
Weight: net, 2-1/4 oz. 


Dimensions: 2-1/4” L x 1-1/8” W, height ranges from 
17/32” to 1-1/16” (max.) 


Operating voltages: up to 220 volts D.C. 


Backed by Kellogg and International Telephone and 
Telegraph Corporation. Inquiries are invited. Send 
for a free catalog on Kellogg relays, components. 


KELLOGG em: 
n nl 


CHICAGO, ILLINOIS TT )1¥ 


moe ] 








Kellogg Switchboard and Supply Company, 6650 South Cicero Avenue, 


Chicago 38, ill. Communications division of 
international Telephone and Telegraph Corporation. 


Manufacturers of Relays « Hermetically sealed relays+Switches 
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and others which provide modulation 
of both light strength and photo-unit 
sensitivity giving precise triggering of 
light differences by transmitted or re- 
flected light, units have also been 
adapted to certain other compatible 
circuitry providing similar precise con- 
trol. ESS Instrument Co., 96 So. Wash- 
ington Ave., Bergenfield, N. J. —>599 


PUSH-BUTTON SWITCH 


With a mean life of 1 million opera- 
tions per station, switch offers in each 
station up to 4 type “A” contacts rated 
100 ma at 150 volts d-c. Model 7711 
may be ganged, inter-bussed, or cross- 


interlocked and is available with lock- 
out and automatic release solenoids. 
Normally supplied with Taper-Tab or 
solder terminals. 

Contact material is bifurcated palla- 
dium, supported by Permanickel full 
hard heat-treated springs. If desired, 
switch is furnished plated to with- 
stand humidity and salt spray require- 
ments. American Electronics Co., Div. 
of American-Monarch Corp., 2801-37th 
Ave. N.E., Minneapolis, Minn. -—>600 


ELECTROLYTIC CAPACITORS 

Type QE electrolytic capacitors, de- 
signed for such applications as com- 
puter equipment, power supply filters, 
telephone networks, industrial  elec- 
tronic equipment and precision labora- 
tory and commercial test equipment, 
are claimed to have a useful life ex- 
pectancy of greater than 10 years 
when operated within ratings and im- 
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416-PAGE 
CATALOG 


ists over 8.000 Precis 
Instrument Parts and 


FROM STOCK 


Components 


Featuring the NEW Precision Standard 

PIC “Ultra-Precision”— Exceeds established 
standards, to provide the greater accuracy 
demanded by today’s design, for the products 


of tomorrow. 
= 


FREE “pesicn-aip” => = 


TEMPLATE KIT 
Contains 14 * * 

Actual Size Templates 
A completely new design 
template system, created by 
working engineers, to assist 
you in the design and development of your spe- 
cific mechanical systems. 
Ideal for Breadboard Layout, Prototype Design, 
Production Design, Technical Sketching and De- 
tail Parts Drawing. 


Send for FREE Catalog and “Design Aid”, Today. 


IPC DESIGN CORP. 


Subsidiary of BENRUS WATCH COMPANY, Inc. 


477 Atlantic Avenue, East Rockaway, L.I., N. Y. 
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INDUSTRIAL SEALING WAXES 


for sealing screw heads, sockets, switch bases, 
wiring devices, spotting, etc. 
e Adhesion to ceramics, porcelain, plastics, 
metal and glass 
e¢ Supplied in red, black, brown, and white. 
Send for GENERAL SPECIFICATIONS CHART 
on INSULATING and SEALING COMPOUNDS 
3442 HOWARD STREET * SKOKIE, ILLINOIS 
Telephones: ORchard 3-1050 * AMbassador 2-3339 


BIWAX CORPORATION 


Over 30 years of formulating experience 
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~OLOING DOUBLE CUPPED WASHER WES 


Solderless mumeeO) 0 


Easy to Apply 
) No Special Tool Needed 
‘a -Piece Construction 


ae rr & oo INC. 


Write for 
Bulletin 8-DF 


3. 
% 
<i 


1043 EVANS STREET, CINCINNATI 4, OHIO 
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| clock. HUNT S.C.E. 


We ended 
chemical 
dangers 
and 
increased 
production 


making our own etchant 
and STARTED using 
HUNT S.C.E. 


“We made our own etchant for plated circuit boards until we 
heard about HUNT S.C.E. Solution. 

“It took time to mix up large quantities of chromic and sul- 
phuric acid into an etching solution which gave off noxious fumes 
and was dangerous to handle. It varied from batch to batch and 
had to be heated to 140° F. to etch properly. 

“So we did the wise thing... stopped mixing our own solutions 
and switched to Hunt S.C.E. ... No more chemical dangers and 
saving money too... we etch at a uniform rate around the 
(Solder Circuit Etch) is best for your plant 
too because it: 

Etches rapidly at room temperature. 
Has high capacity for copper. 

Never attacks the solder-plated circuit. 
Gives fast, odorless etching of copper. 


Ok. WS ht 


Produces boards that pass all corrosion and sta- 
bility tests. 

}. Isa prepared solution with guaranteed uniformity 
(ActUBNG cy, and rigid laboratory control. 

For detailed information about HUNT S.C.E. 
and valuable production handling informa- 
tion, write for Technical Bulletin No. 3 — 
“The Etching of Solder Plated Circuit Boards 
by Hunt S.C.E. Solution.” 


fs 9 

, * 

4 ‘ 
Siisnt? 


PHILIP A. HUNT COMPANY 


PALISADES PARK NEW JERSEY 
BRANCHES IN PRINCIPAL CITIES 


In Canada: Philip A. Hunt Company (Canada) Ltd., 77 Leslie St., Toronto 
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IRON CORE 
Development 


4 


Naves: Production 
Costs 


IZ dont coi: Breakage 


Loss 


Corrects: for 


Non-uniformity 


of torque in phenolic g 


impregnated coil forms 





UTH TULLEY AV 


FQUI-TORQUE’ 


e+ Developed by 
RADIO CORES. inc. 


Originators of 


} ENGINEERED ECONOMY 
IRON CORES 


Get even, smooth-running, satisfactory torque contro! in 
miley of threaded cores to coil forms with 
EQUI-TORQUE PROCESS #25! 


* Specially processed % Lubricates to 
tacky wax torque 


* impregnated in *% Compensotes for 
cores low torque 

* Covers all thread *% Uniform running 
form ; torque j 

* Wax with d *% Equoli initial 
200°F. and running torque 

*% Recycling *% No deterrent in 
excellent function with aging 





> 
Operational tested and now being used by leading 
television, radio and coil manufacturers. 


Write for samples and further information today ! 


GArden 2-3353 
FEDERATION 


ENUE @ OAK LAWN, ILLINOIS Copyright 1958 
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ENGINEERS: 


You can develop NEW PRODUCTS 
for your company to make 
and sell using Durakool’s 
steel-bodied ‘‘Nude’“’ 
mercury tilt-switches 





Basic uninsulated switches now 
available to designers and manu- 
facturers of wiring harness assem- 
blies. 


Prices from 8% cents each. 


Capacities: 1 to 65 amperes: 6 to 
460 volts. 


Ideal for DC loads. 


Sizes from .366” to .975” in di- 
ameter; .600” to 3.44” in length. 


Write for bulletin D-49 and price sheet 1053 


Durakool 


ALL STEEL MERCURY SWITCHES 


DURAKOOL, INC. 
ELKHART, INDIANA 


301 FIFTH AVE. SO., MINNEAPOLIS, MINN 
4747 BRONX BLVD., NEW YORK 70, N.Y. 
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proved operating life when the ambi- 
ent temperature is below 65 C. 

Units are rated for operation at tem- 
peratures from —20 to +85 C. Made 
in drawn aluminum cases in four diam- 
eters and one standard 4% in. height 
to facilitate busbar connections for 
purposes of ganging in banks. Aerovox 
Corp., New Bedford, Mass. — 601 


MECHANICALLY HELD 
CONTROL RELAYS 


Type D mechanically held control re- 
lays rated at 10 amp, 600 volts mount 
in same panel space as standard elec- 
trically held relays. With this new de- 


sign, both mechanically and electrical- 
ly held relays can now be mounted on 
the control panel in the sequence they 
appear on the elementary diagram. 
Factory-assembled units are available 
or electrically held relays and mechan- 
ically held attachments for custome! 
assembly. Available in a_ variety 
of units up to ten contacts. Square D 
Co., 4041 N. Richards St.. Milwaukee 
12, Wise. —>602 


ADJUSTABLE MATCHING 
NETWORK 


Easymatch adjustable matching net- 
work, for vhf and uhf use, is used to 
change an approximate match into an 
accurate match. The input impedance 
varies slowly with frequency. Nominal 
impedance is 50 ohms. 

Four ranges of frequency are avail- 
able: 45-85 me, 85-150 me, 150-300 me, 
and 300-700 me. Units in each range 
will match any 1.1:1 mismatch regard- 
less of phase. Alford Manufacturing 
Co., 299 Atlantic Avenue, Boston 10, 
Mass. — 603 
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PRECISION 


for TROUBLE-FREE SERVICE 


Parts made of TEFLON offer engineering advantages possible with 
no other component material. HALOGEN extrudes all sizes of rod 
and tubing and operates screw machines from +00 to 3” 
diameter. This maintenance of complete process and fabrication 
control is your assurance that the most rigid specifications 
will be met . . . economically. 
ecify HALOGEN 


When you think of TEFLON .- - SP 


SPAGHETTI and TUBINGS of TEFLON 


are superior for high temperature or high humidity 
insulation applications. Not affected by soldering 
temperatures AWG sizes from +6 thru #28, 

natural color, in STOCK for IMMEDIATE SHIPMENT. 


Other sizes and NEMA colors available on order. 





INSULATOR & SEAL CORP. 
9960 Pacific Avenue Franklin Park, Hl. 
Gladstone 5-9000 
*DuPont T.M. Engineers and manufacturers of products of TEFLON 
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| ROYAL 3-WIRE MOLDED CAP 


- a 
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““CORDINATING" 





at work for 


Weller Electric Corp., Easton, Pa., recently 
designed a revolutionary new Soldering Iron 
with built-in “Magnastat” temperature con 
trol. Weller asked Royal to develop a power 
supply cord for it. a cord that would 
make the new Irons easier and safer to use in 
production-line soldering operations. Royal 
engineers “cordinated” all the customer's 
requirements into this unique cord 


SUPER-FLEXIBLE VINYL CORD 
Extra-fine copper stranding, plus an extra 
flexible vinyl jacket devised in our own lab 
oratory and compounded in our plant, pro 
duced a new cord with flexibility matched 
only by tinsel cord. It won't kink or snag in 
use, helps reduce operator fatigue and im- 
prove production. Color is bright yellow for 
visibility and safety. 


os 
TAPERED 3-WIRE CONNECTOR 0 


with round contacts, designed to fit firmly and 
neatly into Weller Iron handle. Molded to 
cord, it is compact, streamlined ... works 


well, looks good 


No extra tooling cost here. Cap is molded to 
cord with stock Royal molds. Removable 
insert provides molded-in trade mark, gives 
Weller another opportunity to display 
nationally advertised trade mark 


its 


Royal can help you, too; just write to have 
our sales representative call. 


ROVAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE 


ISLAND 


In California 


Electric Cords & Supply Corp 
413 E. 3rd Street 
Los Angeles 13 


ELECTRErE 





an associate of 
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Use Armco’s Special Electrical Steels 
to step up performance and cut costs 





Audio and TV Transformers 
High Impedance Devices 


HUW SM Ccrvocmochenteme 


High Frequency Generators 








Large Motors and Generators 

Induction Regulators 
DI-MAX M-15 for High Efficiency Motors 

TV Power Transformers 

Watt-hour Meters 





These Armco-pioneered electrical steels offer unique Design Data Available 


combinations of properties that give you both design Put the unusual magnetic and fabricating properties 


and production advantages. of these special Armco Electrical Steels to use in your 


TRAN-COR® A-6 provides exceptionally high products. Just fill out and mail the coupon for ex- 


a ‘ tensive design data that will help you use them most 
permeability at low and moderate inductions, reason- ; 
: ci is ; i effectively. 
ably uniform properties in all directions, low core loss 


and adequate ductility. It’s available in coils or cut 





lengths, in 29 and 26 gage, with or without standard 


or special Armco insulations. Armco Steel Corporation 
1419 Curtis Street, Middletown, Ohio 


DI-MAX® M-15 is a low core loss grade with 
, : as . ; Send me design data on 
uniform high ductility for punched laminations of C] Armco TRAN-COR A-6 1 Armco DI-MAX M-15 


any size and shape. At high inductions its permeabil- 


ity is better than that of standard M-15, and its flatter, Name 





smoother surface assures a high lamination factor. Company 





Available in coils, DI-MAX M-15 has uniform gage Street 





and annealed ductile welds that facilitate punching 





and core assembly. 


ARMCO STEEL 


\RM >) Armco Division * Sheffield Division * The National Supply Company * Armco Drainage & Metal Products, 





C 
Ve Inc. * The Armco International Corporation * Union Wire Rope Corporation * Southwest Steel Products 
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Laboratory 


and 
Engineering 
Equipment 





TRANSISTORIZED 
GAUSSMETER 

Completely transistorized and modified 
105-125-volt 
power supply or on internal batteries 
for field use, the model D-855  gauss- 


to operate on either 





meter is designed for accurate meas- 
urement of flux fields up to 30,000 
gauss. It gives accurate flux density 
measurement and “flow” 
direction, is used for locating and 


determines 


measuring stray fields, plotting varia- 
tions in strength and checking pro- 
duction lots against a standard. It gives 
no ballistic reading. Instrument utilizes 
a probe 0.025 in. thick with an active 
area of 0.01 sq in. Dyna-Empire, Inc.., 
1075 Stewart 


mM: %. 


Avenue, Garden City 


— 604 


HIGH-VOLTAGE, REGULATED 
POWER SUPPLIES 


Magitran line of high-current, high- 
voltage, regulated power supplies com- 
bines the characteristics of the mag- 
netic and transistor regulator. These 
units automatic 


provide protection 


against short circuits or transients. 


Other features include fast transient 


response, close regulation, low ripple 


content, continuously 


put voltage and instant warm-up time. 

Pre-regulation and line transient pro- 
tection is achieved by the magnetic 
regulator. The transistor regulator ac- 
commodates all fast line or load varia- 


tions and transients and provides for 


300 


adjustable out- 





Model 


provides an output adjustable over the 


ripple reduction. TR160-1M 
range 10-160 volts d-c at 0-1 amp and 
Model TR300-1M, 150-300 volts d-c at 


0-1 amp. Electronic Research Associ- 


ates. Inc., 67 Factory Place, Cedar 
Grove, N. J. — 605 
VIBRATION METER 

Distances and vibration amplitudes 


from 50 micro-in. to 0.5 in. can be 
measured accurately in the frequency 
band 1 cps to 10 ke with the Type 
B-731A 
tacting probe, connected to a 50 ke 
suitable amplifying 
equipment, is brought into proximity 
with the object under test. The capa- 
citance so formed is interpreted in 
terms of distance and peak-to-peak 
vibration. The two quantities are dis- 
played on direct-reading meters. 


vibration meter. A non-con- 


oscillator and 


iii res 





Probes are available to give full- 
scale deflections for both distance and 
vibration of 0.001 in., 0.01 in., 0.1 in., 
and 0.5 in., with a switch provided 
to increase the vibration sensitivity by 
a factor of 5. Accuracy is 2 per cent 
of full-scale deflection, discrimination 
better than 0.5 per cent. Wayne Kerr 
Corp., 2920 N. 4th St. Philadelphia 
i yO — 606 


PORTABLE TEST CHAMBER 


Portable (40 lb) temperature testing 
chamber cools to —100 F in 5-6 min, 
heats to 500 F in 30 min and keeps 
temperature within 
+2 deg by employing an anticipator 


the desired test 


thermostat. Unit uses liquid carbon 





dioxide as the cooling agent, a 650- 
watt heating element, plus a centrifu- 
gal-type air circulator. Chamber op- 
erates on any 115-volt, 60-cycle outlet. 
Model 6545W has a 16 x 7 x 7 in. 
test drawer. Delta Design Engineers. 
Inc., 3039 Adams Ave., San Diego 16. 
Calif. — 607 


DIGITAL CLOCK FOR 
FREQUENCY STANDARDS 


“Digi-Chron” clock, with digital time 
display, primary frequency 
standard capabilities from 1 or 5 me. 
The instrument frequency 
counter displays, in 


provides 


utilizes 


techniques. It 








digital form, a cumulative total for a 
24-hr period, automatically resetting to 
zero and beginning a new count. Also 
given is digital indication in millisec 
of the time difference between stand- 
ard and transmitted time signals. 
Delta-f, Inc.. P.O. Box 150, Geneva, 
Ill. — 608 


TRANSISTORIZED POWER 
SUPPLY 


Model M102 has an output of 0.5 to 
30 volts, continuously variable. Out- 
put current is 0 to 1 amp max. Regu- 
lation from 0 to 1 amp is 0.6 per cent 


or 50 my, whichever is greater; from 





0 to 250 ma it is 0.4 per cent or 30 
my, whichever is greater. 

Protected from load shorts by fuses 
in output leads and line input leads. 
Stabilization +1 per cent for line 
voltage variation of 105 to 125 volts. 
Ripple voltage less than 10 my. Alto 
Scientific Co., 855 Commercial St., Palo 
Alto, Calif. — 609 


(Continued on page 302) 
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For eggs, there is no finer production 
facility than a hen. And, for pro- 
duction facilities unrivaled in the 
appliance and equipment motor field, 


look to Emerson- Electric. 


Remember. . . 


@ Emerson-Electric’s uniqu2 produc- 
tion facilities assure you on-time 


deliveries. 


@ We produce custom -engineered 


motors to suit your specific needs. 


Put more than 65 years of ex 
perience to work for you. Call, 
wire or write Dept. M-349 to 


day. The Emerson Electric Mfg 


Co., St. Lovis 21, Mo EMERSON-ELECTRIC of St.Louis + Since 1890 
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OF EVERYTHING 
YOU WANT IN A 


VvV-O-M 


e New Mirrored Scale Plate 

© Wider Frequency Response AC Ranges 
© New DC Polarity Reversing Switch 

e 59 Extended AC and DC Ranges 





---and at 
NO INCREASE 
IN PRICE 


THE NEW 


PRECISION 


MODEL 120 
20,000 ohms/volt DC * 5,000 ohms/volt AC 
plus: 


all the famous features of 
the original PRECISION 120. 


@ An Extra-Low Resistance Range: 
2 ohms at center scale. 


@ An Extra-Low Voltage Range: 
1.2 volts full scale, AC and DC. 


@ An Extra-High Voltage Range: 
6,000 voits full scale, AC and DC. 


@ An Extra-Large 514” Meter 
with wide-angle, easy-reading scales. 


Model 120: Complete with batteries, test leads 
and tech manual. Overall case dimensions: 
Pe EP ROU cxcasecce Net Price $44.95 


Model 120M: For special applications which 
require a V-O-M approaching laboratory 
Pith sknss ox oxus .Net Price $52.95 


P Available and on display at leading electronic parts 


distributors. Write for complete PRECISION catalog. 


PRECISION 


Apparatus Company, inc. 
70-31 84 St., Glendale 27, L. 1., N. Y. 


“ vp Export: 458 Broadway, New York 13 
* mere os oe”) 6©6Canada: Atlas Radio Corp., Toronto 19 








MORE 
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DIGITAL VOLTMETER 
Model 405AR_ d-c 


reads positive and 


digital voltmeter 
negative voltages 
from 100 my to 999 volts with an auto- 
matic selection of range and polarity. 
Voltages are displayed in three signifi- 


‘ ee ~ 
4 Py 
* : on . 
- @ 
- ° >. 


a@i-e °° 


cant figures and the demical 
automatically 

Readout bright and 
steady. Instrument has an accuracy of 
+0.2 per cent of the reading +1] count. 
Features include a floating input, elec- 
tronic analog-to-digital conversion, dig- 
ouput and a “hold” 
control which permits manual position- 
ing of the decimal. Panel is 7 in. 
high. Hewlett-Packard Co., 275 


Mill Rd., Palo Alto, Calif. 


point is 
placed. 
numerals are 


ital recorder 


Page 


— 610 


AUDIO PRIMARY PHASE 
STANDARD 
7000-B 


standard which 


Type audio primary phase 
features ultimate ac- 
curacy of 0.01 deg, self-calibration. 
Lissajous pattern presentation and 
long-term operating reliability, supplies 





two sinusoidal voltage signals whose 
phase relationship is known to 0.05 
deg and is continuously variable from 
0 to 360 deg. The frequency of the 
two signals is the same and is set at 
one selected frequency from 30 cps to 
20 kc. 

Used for calibration of phase detec- 


|tors and phase shifting devices (such 
| 
as phase 


shift capacitors), it will 
measure the absolute phase shift and 
stability of amplifiers, transformers, 
and rotating electrical machinery. Ac- 
ton Laboratories, Inc., 533 Main St.. 
Acton, Mass. —611 
(Continued on page 304) 


Slide 
Rules 
were 
once 
taken 
for 
sranted! 


but not anymore. Not since 
ELECTRICAL MANUFACTURING | pub- 
lished Ira Ritow’s two-part feature 
in the March-April 1958 issues. In the 
words of one engineer ~ “anes 
material is a major contribution to 
engineering knowledge of the day!” 


Aware that too few engineers were 
using their most basic professional 
tool to its fullest advantage, the edi- 
tors of ELECTRICAL MANUFACTURING 
did something about it. They put the 
problem up to Ira Ritow, author of 
the popular “Capsule Calculus” and 
“Fundamentals of Servomechanism 
Design.” Drawing upon his experi- 
ence in teaching college math, engi- 
neer Ritow came up with an entirely 
new technique for explaining the use 
of the slide rule in solving engineer- 
ing problems. 


Response to the published article 
was immediate. Engineers working 
on all types of projects ordered re- 
print copies* for their personal use 
or for their company training pro- 
grams. Engineering schools requested 
it for classroom use. Truly, a need 
had been recognized and filled. 


“Slide Rule Mathematics” is typi- 
cal of EM’s specialized editorial 
approach to fundamental areas of 
design engineering. It demonstrates 
why the magazine has such dedicated 
readership among the “pro” design 
engineers in the vanguard of tech- 
nological progress. 

*The 20-page reprint, “Slide Rule 

Mathematics,” is available at $1.00 

per copy, postpaid. Orders accompa- 

nied by remittance should be sent to 
the attention of Reader Service De- 
partment, ELECTRICAL MANUFAC.- 

TURING, 1250 Sixth Avenue, New 

York 20, N. Y. See the handy Order 


Form on page 174. 
Ce 
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When aluminum ee 


1S part of your 


| 
product and | | 








Air Conditioners 
Dishwashers 





Light Bulbs 


check with Anaconda Aluminum 


If your product demands aluminum to exact specifica- modern plant facilities gives your orders fast action, 


tions—and you’re not getting it—call on Anaconda! prompt shipment. 
Custom production, combining precision control of Talk over your requirements for pig and ingot, coiled 
the most modern equipment available with the crafts- and flat sheet 


, extruded shapes, structurals, rod, bar 
manship of aluminum experts, assures you that 


and tubular products now with your local Anaconda 
Anaconda Aluminum always matches your product Aluminum representative or write our General 


specifications precisely. And the flexibility of our Offices, Dept. E-2, Louisville 1, Kentucky. 


Remember... NACONDA 


EVERY INDUSTRY HAS ONE MEMBER 


WHO SPECIALIZES IN CUSTOMER SATISFACTION I. LUMINUM 


ANACONDA ALUMINUM COMPANY ¢ GENERAL OFFICES, LOUISVILLE, KENTUCKY 
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VOLTAGE-CURRENT 
CALIBRATOR 


Accuracy of the Model 1080 precision 
voltage-current calibrator is better than 
0.3 per cent. A dual purpose instru- 
ment, operating either as a secondary 





standard of voltage or as a comparator- 
type calibrator, it has been designed 
range of calibration 
and amplitude measurement problems 
where greatest 

Delivers 


to solve a wide 
precision is required. 
calibrated 
tive or negative voltages from 1 my 


precisely posi- 
to 100 volts. Can also provide a peri- 
odic calibrated pulse output. The basic 
accuracy of the calibrator is derived 
from the self-contained Weston Stand- 
ard Cell. Rese Engineering, Inec., 731 


tudes and precision humidity. Series 
three standard. 
tained testing chambers: the ThermL- 
mite (2.6 cu ft). the ThermaLmaster 
(12 cu ft). and the ThermalLmonarch 
(36 cu ft). 

All ThermaLine 
conditioner containing cooling assem- 
bly, heating assembly, humidification 
and dehumidification assembly. Me- 
chanical cascade refrigeration systems 
are provided for low-temperature ap- 
plications. Test chambers are available 
with alternate solid and liquid COx 


consists of self-con 


units have an air 


or Ne cooling systems. International 
Radiant Corp., 111 New York Ave., 
Westbury. N.Y. —613 


SHAKE TABLES 


Two wide-band electrodynamic shakers 
of improved design are the Model 219 
(right), rated at 500 Ib force output, 
and the Model 227 (left). 


150 lb. Design features the elimination 


rated at 





of all secondary structural resonances. 
so that the armature behaves as a sim- 


ple single-degree-of-freedom — system 
over an extended frequency range. 


Another feature is the dual magnetic 
field structure which yields max force 
at low power input 
magnetic field and 
current linearity. 


with low. stray 


improved force 


Arch St., Philadelphia 6, Pa. —>612 The armature of Model 219 allows 


a high first bare table resonance of 
TESTING CHAMBERS 6000 cps. or 4000 eps with a 14-lb 
load. Bare table resonance of Model 


ThermaLine testing chambers are for 
use in the simulation of ultra-low and 
high temperatures in ranges from 

150 to +400 F as well as high alti- 


227 is more than 9000 cps. and 6000 
cps with a load of 3.44 lb. Ling Elec- 
Inc., Culver City, Calif. 614 


(Continued on page 307) 
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STRENGTH to take ét 


TINY KEY TO TOMORROW’S FUTURE 
SEMICONDUCTOR DEVICE 


NEW 










TYPE HS-5! 
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The HS-51 HALLTRON is based 








/ Applications 
: — ‘sage upon the Hall effect. Its output of the HS-51 
characteristics are related to the HALLTRON 
product of the input current and include: 
BRUSH HOLDERS magnetic field, hence are use- @ Gyrators 


@ Transducers 
e Circulators 
@ Power meters 
@ Control applications 
@ Computer applications 
@ DC to AC converters 
@ Magnetic field measurement ’ 


Typical Room Temperature Characteristics 


ful in many new applications. 
The HS-51 Halltron is a fully 
developed production unit 
utilizing indium antimo- 
nide and is designed to 
work in the customer's 
magnetic circuit. The 
thin encapsulated unit # 
provides the strength ¢ 
and durability nec- 
essary for circuit 
applications. 


High impact strength is only one of 
the advantages you get with Phoenix 
“Pemester” Brush Holders. . . They 
are molded to close tolerances, and 
hold dimensional stability up to 
400°F...Whether your products get 
abuse from overloads or impact 
jolts—they stand a better chance 
to survive with “Pemester” 
Brush Holders. 


“Pemester” is available only from 
Phoenix, in addition to brush 





Typical open ‘= 
circuit Hall out- 
put voltage of 
on HS-51 HALL- 


for holders and caps in all standard ee ee fa A 
Catalog body materials. Complete data on all area eee i “a 


57-L Phoenix Customized-Standard Brush 
Holders in Catalog 57-L. 


SG 5 NAA ES I ai I 
PHOENIX ELECTRIC MANUFACTURING CO. 0 


3625 N. Holsted Street Chicago 13, Illinois 


of control current Ic. 








5 





MAGNETIC MELO STRENGTH H RuOGAUTS 


MICONDUCTORS, INC. 


1035 W. THIRD AVENUE @ COLUMBUS 8, OHIO 
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PERFORMANCE 


is the best proof of 


SANBORN 3 5 0 


System Quality 


Only the Sanborn ‘'350” oscillographic recording 
system offers both superior performance and 
operating versatility. You can interchange the 
plug-in preamplifiers — or use them separately 
with their own power supplies to drive a scope, 
meter, or optical oscillograph. The compact 
recorder (171% inches tall), complete with 
transistorized power amplifiers and power supply, 
may also be used separately (sensitivity 0.1 
volt/chart division). That’s real versatility! 


Recorder features include built-in paper footage 
indicator, paper take-up, 8” of visible record, 
simple paper loading from the front. Nine 
electrically controlled chart speeds are selected 
by pushbuttons, and have provision for remote 
control. Connections are also provided 

for output monitoring. 


All these features — plus well-known Sanborn 
reliability — are yours in the Sanborn “350” 
system. Ask your local Sanborn Industrial 
Sales-Engineering Representative for complete 
facts — or write the Industrial Division 

in Waltham. 


At the 1.R.£. Show — Booths 3601-3605 


FEBRUARY 1959 
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e Flat frequency response 
from 0 to 100 cps 


¢ Galvanometer 

natural frequency 55 cps 
e Hysteresis less than + 0.1 div. 
¢ True velocity damping 


for galvanometer at all times — limiting ahead 
of output stage 


¢ Current feedback power amplifiers 
eliminate effect of galvanometer resistance 
changes due to temperature 
¢ Linearity 0.2 div. 
over entire 50 div. chart width 
e Gain stability 
better than 1% 


¢ Base line drift less than 0.2 div. 
over 20°C. changes 


¢ Automatic stylus heat control 


e Inkless recording 
in true rectangular coordinates 





8-CHANNEL 

SANBORN ‘350” 

Direct Writing Oscillographic 
Recording System... 


also available 
with 6 channels 


SAN BORN COMPANY 
Street, Waitham 54, Mass. 
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Versatile 


RBM 


Low Cost 
Relay 


A 


ACTUAL SIZE 






ESSEX ENGINEERED 


EY 


An original RBM 
engineering design for exact- 
ing appliance requirements that 

has also proven highly successful 
in other applications. Dependably 
handles up to 6000 watts at 240 
volts resistive load per pole. RBM’s 
volume production and advanced assem- 
bly techniques produce it in quantity 

at low cost— it’s ‘“‘CUSTOMERIZED.”’ 












TYPE 75 POWER APPLIANCE RELAY DATA 











CHARA CTER/ST/ CS 





LISTED * CONTACT FORM: 


ayy 9.PN.O. OR 2P.N.O, 
FILE NO. 2238! 


Qa 





© CONTACT RATINGS: 
25 AMPS PER POLE RESISTIVE 
AT 240 VOLTS G6OCYCLE 


UNIQUE “HAMMER-ACTION” 
OPENS CONTACTS WHEN 











CO/L 1S DE-ENERGIZED SCREW OR INDUCTIVE RATINGS — CONSULT 
QUICK CONNECT 
RY FOR SP, LINO ~ 
CONTACT TERMINALS sonndue OVAL Cy" 
4VE RATINGS GIV/ING DETAILS 
OF APPLICATION 
e COVL TERMINALS: 
QUICK CONNECT TYPE 


© CO/L RATINGS: 
UPTO 240 VOLTS, 50 OR6GO 











Sn pecatnaonsieal CYCLE (STANDARD PICK-UP 
MOLDED TERMINAL [ © co o %\ VOLTS - 857, OF RATED ) 
BLOCK, ACTUATOR 
AND ae VARIETY OF 
MOUNTINGS 


Consult Your Local RBM Product Application Engineer or Write For Bulletin 1030A 


RBM) RBM Controls Division 





—-¥-4 > and) -1-Mhete]-1-le)-7 Gale) Ma meole? VT-1-le) aml 1°17 .\. 7." 


ee Con dol alte Mrolot-td-[o ME bal od la PM) [ole dal (t-taloial-1-)4-1amt-Ualo Mm Solel tal-jolola tm laloil- tal. 
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ANALOG AND OPERATIONS 
RECORDER 


Developed to exacting military re- 
quirements and_ specifications (MIL- 
F-4158-E-4970) this analog and opera- 
tions recorder is a complete system, 
with oscillograph, amplifier and power 





supply for unattended operation. Local 
chart 
speeds may be made, and the recorder 


or remote selection of eight 
provides a rapid sequence response of 
up to 500 signal changes per sec. It 
recordings — of 


permits simultaneous 


two types: analog recording of the 
d-c to 100 eps range with wide ampli- 
tude and writing speeds; “on-off,” “go- 
no-go,” and sequential types of events 
on 10 separate channels. Dimensions 
are 19 in. wide (front panel), 12%. 
in. high. with overall depth of 18%, 
in. Brush Instruments, Div. of Clevite 
Corp., 37th and Perkins Ave., Cleve- 
land 14, Ohio. —615 


LABORATORY TUBE TESTER 


Model RD 1700 tester 
rate evaluation of the mutual conduct- 


permits accu- 


ance of electron tubes in accordance 
with commercial, industrial and gov- 
ernmental requisites. It is also pos- 
sible to study the behavior of various 
nonconventional 
Fight 
meters provide simultaneous identifica- 


tubes when used in 


and special circuits. separate 


tion of all parameters. Transconduct- 
ance values are presented on an elec- 
trodynamometer-type meter calibrated 
to measure mutual conductance on 
eight overlapping ranges from 3000 to 
60.000 micromhos at an accuracy with- 


in 3 per cent. The Hickok Electrical 


oy 





DECEMBER 1958 


Dupont <Ave., 
— 616 


Instrument Co., 10541 
Cleveland 8, Ohio. 


OCTAVE-BAND FILTER SET 
FOR SOUND-LEVEL METER 


Model 530P octave band filter set, 
when attached to the GR1551A sound 
level meter, allows operator to make 
measurements in eight octave bands 
ranging from 20-75 cps, up to 4800- 
10,000 cps. A transistorized amplifier 





allows for measurement of noise in 
these bands to more than 36 db below 
the overall noise level. A switch cuts 
the filter in and out and allows overall 
measurements to be made without dis- 
connecting the octave band filter set 
from the sound level meter. Allison 
14185 Skyline Dr., La 

—617 


Laboratories, 
Puente, Calif. 


VIBRATION MACHINE 


Double amplitudes up to 1 in. max 
are obtained by a single adjustment 
on the BVA-25 mechanical vibration 





machine. An eccentric shaft driven by 
a small variable-speed drive vibrates 
a 10 in. sq table in the vertical plane 
at frequencies from 2 to 20 cps. Table 
motion is linear in the vertical plane 
and specimens weighing 25 lb can be 
vibrated at accelerations up to 20 g. 
L. A. B. Corp., P.O. Box 278, Skan- 
eateles, N. Y. >618 


DIFFERENTIAL INCREMETER 


The Incremeter combines a differential 
instrument of high comparison  ac- 
curacy with a highly stable reference 


source. The instrument’s actual scale 


| 


ESSEX ENGI 
Consult ©) 


Your Local 
Essex Product 

Application 
f | Engineers 


They can be your 


design assistants on other 


Essex Engineered Products. 
g 





COILED CORDS - CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ties. Complete line of Coiled Cords 
including HPN. 


Write for Coiled Cords Literature 
Cords Limited Division, DeKalb, til. ® 





The basic relay and numerous contact forms, 
ratings and terminals voriations ore regular 
production items...have been ‘customerized™ to 
solve almost every conceivable problem. Such 
versatility permits engineering short-cuts that 
lower your “back door” cost. 


Write for Bulletin 1060 
R-B-M Controls Div., Logansport, ind. 








WIRE AND CABLE 


A complete line of appliance wiring material, 
radio, television and electronic hook-up wire, 
200° C high temperature Sil-X wire, automotive 
wires ond cables, and flexible cords. 


Wire and Cable Div., Ft. Wayne, ind. 
sdone's Mt) 


ESSEX 


WIRE 


CORPORATION 


PROOUCTS 
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Look to AMCO for enclosures that — in 


appearance and quality —are truly worthy of 
your instrument engineering achievements! 


Only Amco has the wide background in 
both electronics and enclosure manufac- 
turing to assure your complete Satisfaction in 
the appearance, strength and durability of 
every unit supplied. An exclusive custom 
appearance is achieved through use of Amco 
multi-width panels, cowlings and writing 
surfaces. They're all factory assembled for 
your convenience (and shipped within three 


weeks!) 


A complete selection of basic frames can 
be assembled in endless variety for utmost 
versatility. All frames are direct floor-bearing, 
meet or exceed rigid structural test require- 


ments, and do so independent of exterior 


‘Amco 


surface support! Amco, too, makes all needed 
accessories like blowers, chassis slides, heavy- 
duty dollies. One blower, for example, de- 
livers 350 CFM of filtered air and takes only 
3% inches of panel height, more than 30% 
less than other types. Amco chassis slides, 
on ball bearings, support up to 200 pounds. 
And all these components, purchased from one 
source, can be obtained at a big savings under a 
combined discount rate! 

For enclosures with complete service ac- 
cessibility and maximum operator conve- 
nience, for true quality and economy send 


for your Amco catalog. 


Realistic 3 week delivery 


AMCO ENGINEERING CoO. 


7337 W. AINSLIE STREET @ CHICAGO 371, ILLINOIS 


ENGINEERING CO. 


Factory-trained representatives in all principal U.S. cities and Canada 
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represents only 10 
per cent of its total effective 
Each tenth of its full 
range is selected by an incremental 
switch. A 100-division 
a 1000-division 
division represents 0.1 per cent of its 


length of 6.3. in. 
scale 
length. scale 
scale becomes 


scale in which each 
full scale range. The Incremeter is a 


direct-reading instrument which re- 
quires no balancing, nulling or stand- 
ardizing operations. Sensitivity is 200 
wamp to 10 amp and 200° my 


to 1000 volts full scale. Readability is 


0.01 per cent of full seale range. 
Sensitive Research Instrument Corp., 


310 Main Street. New 
York. 


Ror helle. New 
— 619 


R-1-E METER 


Applications for No. 5620 Multimeter 


include: resistance 


from 2 megohms to 2 


measurements 
10° megohms. 
with limits of error between +1.7 and 





+6 per cent of reading; current meas- 
lO to 5 X 10° 
amp. with limits of error between 1.5 


urements of | 


and 3 per cent of full scale, and volt- 
age measurements of 0.005 to 500 volts 
with limits of error between +0.5 and 
+3 per cent of full scale. 

Stability of measurement is said to 
be due to a contact-modulated stabi- 
lized feedback amplifier with complete 
guarding. Self-contained pack 
supplies either 10 or 100 volts, and an 


power 


battery for voltages to 500 
volts may be connected. Leeds & 
Northrup Co., 4934 Stenton Ave., 
Philadelphia 44, Pa. — 620 


external 


VOLTAGE REGULATOR 

Heavy-duty electromechanical a-c volt- 
age regulator called the Selenivac is 
designed for 25, 50, 60 or 400-cycle 
operation and provides +1 per cent con 
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MELE MDEN £700 


HAGEWN modei 21 
RESET TIMER 


SECOmDS 


TiWE DELAY @fiar 





With unique reset spring feature 


A NEW Clutch Motor Reset Timer with reset spring at- 
tached to time set mechanism that provides correct amount 
of tension over entire dial range—thus contributing to 
longer spring and motor life. Energize to start — de-energize 


to reset. Resets on power interruption. 


TIME CYCLES AVAILABLE 


0-4 Sec. 0-15 Sec. 0-60 Sec, 


0-180 Sec. 0-300 Sec. 





. Write for complete descriptive Bulletin 1610. 
Address Dept. EM-259 


MANUFACTURING COMPANY, wwe. 
Moline, Illinois 
Baraboo, Wisconsin 


Circle 328 on page 17 


fee ee 





. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
Providence 5, Rhode Island 





63 Pavilion Avenve 
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HEAT CONTROL — LIGHT CONTROL 
SPEED or POWER CONTROL 


close adjustment (AC or DC) 


Portable Plug-in HUEOSTATS 


or APPLIANCES 


Built-in RHEOSTATS 


for MACHINES and EQUIPMENT 


NATIONAL ELECTRIC CONTROLLER CO. 


7076 Glenwood Ave, ey Chicago 26, Ill. 


ESTABLI 





460 19 


FEBRUARY 195° 
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CUSTOM-MADE RUBBER 


SEALS 


COMPONENTS 


COMPOUNDING 
MOLDING 
LATHE CUTTING 
METAL BONDING 


Techniques 
Ti) 





If the seal or part, or component you need can 
best serve by being made of natural, synthetic or 
silicone . . . count on Goshen. Exclusive techniques 
developed here at GRC are available for fabri- 
cating to meet your strictest specifications, and for 
advance testing under many types of near-field 


conditions. Let us know your requirements. 


Send /or Literature 
Cltetraseats [_]Goruuse “™ ficor 
[Jo-rincs = [_] GROMMETS 





2829 S. nTENTH § ST. GOSHEN, IND. 
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this FREE bulletin 


tells you all about 
the new WATLOW 


ss \h 
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CARTRIDGE HEATER 


trol with no waveform distortion. Input 
voltages may be one-phase, two-phase 
(3 or 4 wire) and three-phase. Pres- 
ent line includes ratings from 1 kva 


All About: to 300 kva and any input or output 
. to 600 


voltage up volts. American 















































An amazing concentration of heat in 1/5th the Rectifier Corp., 95 Lafayette St, New S 
space of ordinary units. York 13, N.Y. 621 
Wute e Tests that prove longer operating life at higher 
watts densities — 5 to 10 times the life of ordinary REVERSING STRIP MILL € 
for your free wing . Photograph shows the 1% in. and 5 
copy now! e Methods for determining your operating needs : $m beeen 2 me . li ‘ 
(charts, etc.) . . . for all this, and more — a XO EM. PEVOPEE MAM, ORC OF Tm 
of reversing 2-high/ 4-high combination 
T L w mills ranging in roll size from %4 in. 
ELECTRIC MANUFACTURING CO. 
1362 Ferguson Avenue 
. ny, Saint Louis 14, Missouri 
Circle 332 on page 17 
sche 
- 
Have you discovered : 
and 3 in. x 4 in. to 4 in. and 16 in. x 
the new 20 in. 
Two-way strip winding mechanism 
PRODUCT INDEX? comprises both a pay-off and a recoiler 
” aw which are bracketed to mill base and 
driven from pinion stand. Powerful air 
clutches furnish sensitive control of 
It starts on page 316—just preceding the front and back tension over wide range. 
Index to Advertisers. In recent tests, the 14% in. and 5 in. 
x 8 in. reversing mill reduced such 
This new Product Index answers a continu- materials as stainless steel, platinum. 
ing need, expressed by many readers of ELEc- gold plate, nickel and molybdenum 
TRICAL MANUFACTURING, for a quick method of strip. Stanat Manufacturing Co., Inc., 
extracting information relating to any material, 900 Shames Drive, Westbury, New ‘ 
component or equipment discussed in either the York. — 622 
editorial or advertising pages. 
The listing arrangement emphasizes brevity. SECONDARY VOLTAGE , 
It follows the same library-based subject classi- STANDARD 
fication system which was originally developed Two secondary standard reference 
for the EvLectricAL MANUFACTURING Annotated power supplies, providing 50 to 100 
Editorial Index limes higher voltage levels than stand- 
ard cells at a current capacity per- 
Get acquainted with this new reference tool. mitting direct loading by practical cir- 
It can save precious time in your data research- cuits and at accuracies at least equi- 
ing. valent to an unsaturated standard cell, 
are available. Model PVS-105A has a 
| dual output of +50 volts, or 100 volts if 
nt used end-to-end. Model PVS-105B 
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Operator places oval carbon-steel tubes 


Pre-formed ring of EASY-FLO 35 is 
in slots and presses them into headers. 


Completed radiator attached to placed in joint area. 


transformer. 





Holders position assembly in induction 
rig, induction coil is lowered, heat ap- 
plied for 90 seconds; afterward joints 
are sandblasted to remove flux which 
could contaminate transformer oil. 








How Easy-FLo Brazing Helps Shaw-Perkins 
Simplify Techniques, Cut Production Costs 


Changing to silver brazing with EASY-FLO 35 brought 
many benefits to Shaw-Perkins Manufacturing Com- 
pany, manufacturer of radiators for liquid-cooled 


about: rework is almost nil (arc-welded joints had 
often failed to pass inspection), production space 
has been reduced (two silver brazers now do the work 


transformers. The radiators are made up of banks of 
steel tubes assembled to inlet and outlet headers. Hot 
oil from the transformer enters at the top of the 
radiator and flows downward, returning to the trans- 
former at a lower temperature. 


of six arc welders in a simplified assembly pattern), 
lower silver-brazing temperature minimizes possi- 
bility of unit failure in service due to metal fatigue. 
Radiators look better, have smoother fillets. 

Similar benefits might well accrue to your product 
or production methods through the use of Handy & 
Harman silver alloy brazing. Get in touch with 


Before Handy & Harman silver alloy brazing entered 
the production picture, the tubes were arc-welded 
and gas-welded to the headers. Now, rings of EASyY- 
FLO 35 are preplaced and induction-brazed with re- 
sults that any manufacturer would be happy to talk 


Handy & Harman on any phase of silver brazing. 
We will work with you in every way to determine the 
advantages silver brazing can achieve for you. 


FIRST, BULLETIN 20 
This informative booklet will 
get you off to a good start on 
the values, techniques and 
economies of low-temperature 
silver brazing. A copy awaits 
your request. 


Source of Supply and Authority on Brazing Alloys oc 1 n.0» 


ATLANTA, Ga 






OROGEPORT, COMM 
PROVIDENCE Bt 


oy HANDY & HARMAN 


General Offices: 82 Fulton $t., New York 38, N.Y. 
DISTRIBUTORS IM PRINCIPAL CITIES 
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A Design Guide to the 
Analysis and Synthesis of 
Switching Circuits and Logic Systems 


ELECTRICAL MANUFACTURING’S 


comprehensive 5-article series on 


Boolean Algebra 


now combined in a 
68-page reprint booklet! 


An invaluable technique—boolean algebra—for every engi- 
neer who needs to analyze or synthesize switching systems in 
any medium, or design circuits directly from specifications. 


In this reprint booklet—handy for home study—ELecrricat 
MANUFACTURING has brought together the complete series of 
tutorial articles by Boris Beizer and Stephen W. Leibholz, 
originally published in these pages, May—September, 1958. 


Here’s a quick run-down on the subjects covered 


e Language and Laws of Boolean Algebra—Starting at the begin- 
ning, the authors examine the basic concepts of boolean algebra as 
a system engineer’s tool for understanding and designing electrical 


mechanical and hydraulic switching systems. 


e Analyzing Combinational Circuits by Boolean Matrices and 
Karnaugh Maps—Here the authors deal with procedures for (1) de- 
riving the boolean function of multipath switching and (2) visualiz- 


ing and simplifying the boolean expression for any logical circuit. 


e Analyzing Specifications and Designing Circuits—Advancing a 
step further, the authors tell how to transform a set of requirements 
into synthesis maps for correcting contradictions or ambiguities, 
and how to synthesize the boolean functions of the final circuit from 


the corrected map analyses of the specifications 


e Circuit Design Using Boolean Matrices and System Synthesis 
Using State Coding—Here the authors examine still other methods 
for achieving circuit simplicity, through use of boolean matrices. 
They explain how to draw state diagrams detailing desired switch- 


Ing sequences 


@ Designing Sequential Circuits—When a circuit possesses “mem 
ory,” the techniques of analysis and synthesis used for combina 
tional circuits must be augmented. So here the authors deal with 
the two sets of equations that must be derived, one set describing 
each output, the other describing each internal secondary (feed- 
back) control 


lo round out this informative series an appendix has been in 
cluded dealing with Tabular Reduction Techniques: also a selected 


bibliography containing 106 references to related articles. 


ORDER COPIES FOR THE WHOLE STAFF! 


Engineering Applications of Boolean Algebra is published in an 
attractively bound edition of 68 pages, size 8%” x 11”. Nominally 
priced at $2.00 per copy; $1.80 each on orders for 5 to 25 copies. 


See convenient order form on page 174 


provides +36 volts or 72 volts, end-to- 
end. The absolute accuracy of these 
supplies is +20 ppm for 8 hr. Selected 
zener reference diode. mounted in a 
special isothermal oven, is the heart 
of the design. Julie Research Labora- 
tories, Inc., 556 W. 168th St.. New 
York 32, N.Y. — 623 


ELECTRONIC DATA READER 

Electronic Data Reader is an instru- 
ment designed to facilitate the read- 
ing and scanning of oscillograms. Re- 
corded data are run either forward or 
backward over an illuminated scan- 
ning plate at speeds up to 200 ft per 
min. Reading head represents physical 
distances (such as amplitudes and fre- 


quencies on oscillograms) as propor- 
tional voltages. To accomplish this it 
employs a voltage-dividing circuit con- 
sisting of two potentiometers con- 
nected in series. Frequencies are 
measured in a similar fashion. Ampli- 
tude and frequency output range from 
0 to 10 volts d-c. Film widths are 0 
to 16 in. The Gerber Scientific Instru- 
ment Co., 89 Spruce St., Hartford 1, 


Conn. —> 624 


ELECTRONIC VOLTMETER 


\ scale are of 5!x in. in a 6-in. meter 


case is among the features of a re- 
designed multi-range line of panel- 
mounted electronic voltmeters. The 
former scale width was 4°84 in. The 
new Models 300 d-c and 310 a-c are 
also more accurate over wider tem- 
perature ranges than former models. 
The d-c voltmeter. with accuracy of 
+3 per cent of full scale deflection. is 
available in 7 discrete ranges, from | 
to 1000 volts. Input resistance is 10 
megohms. The a-c model, with fre- 
quency response from 20 eps to 10@ 
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Now! End Cord a nd 
Cable Failures ere 
with ~~ 


get substantial size 
reduction and built-in 


STRAIN | arc quenching with 


er ROSITE 


exterior conductors ie >} ) - 
© Withstand strains up a . ie MOLDINGS 


to 100 Ibs! ‘ oe - . Size reductions that pay off 

abe  diaaaans : ‘ ro in costs and design flexibil- 

Low cost, easily installed E "> = ity —with ROSITE moldings! 

GRIPMASTER Strain Reliefs , Mil The size of current inter- 

anchor cords and cables at point of rupting devices can usually 

entry and positively prevent loosening be reduced with assistance 

of the conductor at the terminals. Solve in arc-quenching provided 

your cord and cable failures PERMANENTLY % inmate yoke te 

. » -O s. Non-tracking 

wherever exterior conductors supply the = | meant: Gesiin seuniine 
power! Underwriters accepted. ~~ : 


close to arcs without fear 











é - aS of tracking and makes for 
IRCUIT 2 Cc ac signs 
FOR EVERY TYPE OF CONNECTION! SREAKER more compact designs. 
R TE ‘i ae — 
EVERY ASSEMBLY LINE OPERATION! ee Find out today about thes 
ROSITE advantages. Send 
orm tree your drawings, let us study 
GRIPMASTER ALL-M Y your problem and quote. 
——,, Slight pressure permanently positions 
this one-piece type. The strain relief P CHECK 


forms a smooth metal band which is THESE FEATURES 


a in a tenacious grip about © Met or cold molded 
; @ Non-tracking 
. hin 
GRIPMASTER CLICKON TYPE Aas quenaning 
. ; ‘ @ Dimensionally stable 
Clicks on in seconds, locks securely in =z ; 
position, The Clickon forms animmovable ~ intial @ Heat resistant 


ring with uniform pressure around the CONTACTOR 


@ Economical 
. HOOD 
cable circumference. 


sith _— SEND FOR . 
GRIPMASTER INSULATED TYPE » — ROSitg 
; Qe ‘ , NEW al 
Especially adapted to assembly line : x 
operations. Forms a neat, compact ring, : , > 
holding the cable in a vise-like grip. 


BULLETIN ‘oo 
GRIPMASTER WIRE 


2. cw 
BINDING SLEEVES — 


i i Details on hot or cold molded 
Prevent the fraying of a ROSITE. Over 50 moldings  illus- 
cord ends Specially treat: { BLOCK trated. Pictures of our molding facil 
ed rubber tubes available i aa cera 


in 5 wire sizes to .790. 


CALL OR WRITE TODAY, FOR NEW | 
y | ROSTONE 
CATALOG, SAMPLES, QUOTATIONS da eeavacee ante 


GEORGE WALKER COMPANY | Engineers and Custom Molders 


EXCLUSIVE MANUFACTURERS i 2405 S. Concord Road, Lafayette, Indiana 
3 118 AMSTERDAM AVENUE, PASSAIC, NEW reson 


wast seal 
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You Should Know Why 


KIRKWOOD 
COMMUTATORS 


Are Preferred 


A itewosd durable STEEL 
CORE or economical 
MOLDED CORE commuta- 
tors are precision made 
for longer, efficient life. 
They fit right the first time. 
Kirkwood steel and mold- 
ed slip or collector rings 
meet the same standards 
of quality. You can depend 
on them to run true, elimi- 
nating sparking and excess 
brush wear, safeguarding 
efficiency from source to 
load. 


Send us your prints for 
estimates on new commu- 
tator or slip ring designs 
for special applications. 
Kirkwood commutators 
range from 2s” to 50” in 
diameter. 


ere 
eo 5 


@ 
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+ 

s 
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KIRKWOOD 


COMMUTATOR CORP. 


4855 W. 130th St., Cleveland 35, Ohio 
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ke, offers 10 ranges from 10 mv to 
300 volts rms. Input impedance is 1 
megohm. 30 put VMetronix. Inc i 


Chesterland, Ohio. —625 


AUTOMATIC INSULATION 
TESTER 

Model 4501 insulation materials tester 
meets requirements of some 30 ASTM 
specifications for electrical insulating 
materials such as varnishes, paper, 


tape, glass, phenolics, and rubber in 


rods. tubes, sheets. ete. Output of 35- 
kv Hypot unit terminates in test fixture 
contained in transparent, safety inter- 
locked cage. The tester features motor- 
driven rate-of-rise with manual over- 
ride and return of output voltage. Panel 
has 414 in. scale kilovoltmeter con- 
nected directly across output. Associ- 
ated Research, Inc., 3777 W. Belmont 
Ave.. Chicago 18, Il. — 626 





Postage return cards are provided 
on pages 17 to 19 as a conveni- 
ence to the reader in obtaining fur- 


ther information on— 


New Components and Materials 

Literature for the Design Engi- 
neer 

Feature Article Reprints 

Advertised Products 


Mode! 7102 


$225 


Less batteries 


Transistorized 
tachometer 
measures speed 
without 
physical “loading” 


New portable ELECTRO-TACH 
tachometer releases your ex- 
pensive electronic counters for 
other uses. Weston 250° meter 
movement guarantees speed 
readings accurate to 1% of full 
scale. Frequency-sensitive cir- 
cuit simplifies application of 
magnetic pickups. Operates 
with 3010-AN and other ELEC- 
TRO Magnetic Pickups. 





Standard Speed Ranges Available 





Model RPM Gear needed 








7101} 0-2,000 60-tooth 
7102 0-5,000 60-tooth 
7103 | 0-10,000 | 30-tooth 

















7120 series for special 
over/under speed control 


Write for new Bulletin ET-7100 


ELectro 


Electro Propucts 
LABORATORIES 





Sensing Elements | 4501-M Ravenswood, 
for Control Chicago 40, III 
Counting 
Speed and Canada 

Atlas Radio Ltd., 


Displacement 
Toronto 


Measurements 
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Coupling Design is Simple 
with Permanent Magnet Drives 


Transmitting motion between two parts without mechanical 
connection may be a highly desirable goal in your new design, 


Permanent magnet drives often are the simplest answer to 


such problems. Three types of magnetic drives are generally 


available, and are applicable according to the desired function, 


MAGNETIC DRIVE TYPES 


Synchronous Drives. Both the driver 
and the driven member operate at the 
same speed. If slip occurs, the follower 
will slow and stop and the whole unit 
must be restarted. Since displacement 
between magnets is required fora torque 
to be produced, “hunting” may occur. 

Fig. 1 shows a radial gap drive using 
Indox ceramic magnets. For maximum 
mechanical strength, the magnets may 
be glued or potted into non-magnetic 
holders. The optimum number of poles 
depends on the gap and the diameters 
of the magnets. Fig. 2 shows a design 
which can use either Indox I or Indox 
V material. A steel backing plate is 


desirable for maximum torque with 
Indox I, and is necessary for Indox V. 
Indox V must be magnetized with the 
backing plate in place, not subsequent- 
ly removable. Indox I, however, may 
not need a backing plate when magnet- 
izing. If backing plate is used, it may be 
removed and replaced without weak- 
ening the magnet. The optimum num- 
ber of poles again depends on the total 
gap between the magnets and the 
thickness and diameter of the magnets. 

Fig. 3 illustrates an Alnico V design. 
Salient poles are required for Alnico 
drives of this type, but are undesir- 


able for Indox because of the high 
coercive force and low flux density. 

Hysteresis Drives are similar in 
operation to synchronous drives except 


STEEL BACK PLATE 


FEBRUARY 1959 


FACING MAGNETS 


that the driver magnet magnetizes the 
follower, creating a torque coupling 
that is synchronous up to the maxi- 
mum torque capability. If this limit is 
exceeded and slip occurs, approximately 
the same torque will be produced 
regardless of the rate of slip. To pro- 
duce a given torque, the hysteresis 
drive must be larger than a synchro- 
nous drive. “Hunting” may also occur. If 
slip is not objectionable, an eddy cur- 
rent drive may produce more torque 
for a given magnet weight (see below). 

Fig. 4 shows a radial gap hysteresis 
drive using an Alnico V driver magnet. 


ALNICO V DRIVER 


LOWER COERCIVE 
FOLLOWER 


Fig. 5 is an axial gap unit using 
Alnico V in both the driver and the 
follower. The optimum number of 
poles again depends on the air gap and 
the magnet diameter. 

Eddy Current Drives are non-syn- 
chronous and produce no torque unless 
some slip occurs. The greater the load, 
the greater the slip. If the load on the 


STEEL BACK PLATE 


FIG. 5 


follower is reduced, it will pick up 
speed until the slip is just sufficient to 
maintain the load torque. Eddy current 
drives are not subject to “hunting.” 

Fig. 6 illustrates a basic arrangement 
using an Alnico V rotor. 


MILD STEEL RING 


COPPER OR ALUMINUM 
EDDY CURRENT CUP 


TYPICAL APPLICATIONS 


Synchronous drives are used exten- 
sively in pumps, where one magnet is 
driven by a motor and another magnet 
follows inside a sealed unit. The second 
magnet is attached to the impeller. This 
arrangement enables special materials 
to be pumped in a totally enclosed sys- 
tem without danger of contamination, 
leakage or loss of pressure. 

Hysteresis drives are used for yarn 
and wire tension devices to maintain 
uniform torque regardless of speed 

A typical application for an eddy cur- 
rent drive is in a take-up reel, where 
the torque is proportional to slip. 


FREE DESIGN HELP 


If your product development could 
benefit from the application of perma- 
nent magnet drive, The Indiana Steel 
Products Company design engineers 
are ready to help with practical design 
recommendations, based on 50 years of 
experience with permanent magnet 
materials. Write today for this free 
service. Address Dept. B2. 





WORLD’S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 





THE INDIANA STEEL PRODUCTS COMPANY 
VALPARAISO, INDIANA 


INDIANA 
ed 
MAGNETS 





IN CANADA: The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 


page number only indicates advertisement; letter “e"' with page number indicates editorial mention. 








COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Batteries and holders—194e 
Brakes, magnetic—290e 
Capacitors—180e, 186e, 198e, 204, 216, 232e, 
238, 244e, 262e, 274e, 294e 
Choppers—145, 184e, 254e 
Clutches—201 
Contact devices 
Brushes and brush holders—28, 52, 280, 304 
Commutators—178e, 314 
Contacts and contact points—34, 45, 212, 
289 
Control systems—76, 188e 
Counters—275 
Electron tubes 
Photoelectric—248e 
Power—40 
Receiver—196, 287, 290e, 292e 
Fans and blowers—180e, 282e 
Filters—250e 
Fittings, conduit—183, 202 
Heating elements—184, 192e, 310 
Knobs, handles—252e, 283, 287 
Lights, pilot—193, 262e 
Magnetic components 
Bobbins and core boxes—264e, 268 
Coils and windings—182, 309 
Cores—296 
Laminations—181, 233 
Permanent magnets—157, 315 
Magnetic amplifiers—169e, 274e 
Meters, panel—236e, 259 
Microwave devices—296e, 317 
Mounting hardware—194e, 200 
Potentiometers—140e, 186e, 190e, 234e, 235, 
246e, 250e, 262e, 264e 
Printed circuits—14, 254 
Protective devices 
Circuit breakers—188e, 226e, 234e 
Thermal—54, 108, 227, 242e 
Transient protectors—252e 
Reactors—179, 188e, 206e, 238, 278e 
Regulators, voltage—308e 
Relays 
General purpose—33, 186, 190e, 240, 252, 
254e, 258, 266, 290e, 294, 306, 307 
Industrial—133, 171, 267e, 272e, 276, 296e 
Mercury—288 
Sealed—25, 176, 194e, 224e 
Telephone—216e 


Time delay—156, 192, 222, 268e, 287, 317, 
320 


Voltage sensing—210e 
Resistors—148, 196e, 212, 230e, 268e, 282 
Rheostats—282, 309 
Seals and terminals, hermetic—160 
Semiconductor devices 
Hall generators—256e, 304 
Photocells—292e 
Rectifiers and diodes—16, 166e, 178e, 188e 
196e, 202e, 205, 208e, 217, 230e, 258e, 
280e 
Solar cells—200e 
Thermistors—8 
Transistors—139, 178e, 223, 256e 
Servo components—184e, 187, 205e, 216e, 
242e, 268e, 286e 
Solenoids—220 


316 


Storage devices 
Memory elements—197, 236 
Switches 
Centrifugal—280e 
Controllers and Contractors—4, 36, 212e 
Cycling—256e 
High voltage—266e 
Limit—162, 167, 184e, 193, 207, 265, 284e, 
286¢e 
Manual, jack, key—288 
Mercury—296 
Pressure and vacuum—167, 236e, 267e 
Proximity—68, 230e 
Pushbutton—135, 266e, 294e 
Rotary—130. 193, 245 
Sampling—212e 
Thermal—200e, 285 
Toggle—182e 
Timers—41, 154, 184e, 251, 309 
Transducers 
Thermocouples—196e 
Thermostats—180e, back cover 
Transformers—178e, 184e, 208, 284e 
Tube caps—220e 
Valves, servo—218e 
Valves, solenoid—257, 282 
Voltage references—310e 
Wire and cable—34, 192e, 307 
Hookup—163, 180e, 191, 264, 307 
Magnet—inside front cover, 22, 53, 279 
Power—249 
Ribbon cable—220e 
Wiring devices 
Cable clamps and grips—186, 272, 313 
Connectors—134e, 159, 178e, 186e, 262 
Cord sets—307 
Patch cords—132e 
Plugs and jacks—222e 
Terminals—158, 188, 210e, 287, 295 
Terminal blocks—186e, 228, 248, 256, 268 


COMPONENTS, 
MECHANICAL/STRUCTURAL 


Bearings, ball and rolle-—1l, 13, 24, 182e, 
190e, 199, 239, 274 

Bearings, jewel—180e 

Clutches—288e 

Control rods—218e 

Couplings—182e 

Differentials—276e 

Drawer slides—141 

Fan and blower wheels—291 

Fasteners—169e, 178e 
Bolts and nuts—178e, 180e, 242, 244, 278, 

221 


Eyelets—32 
Pins—293 
Quick operating—238e 
Rivets—221, 319 
Screws—173, 182e, 226e, 277, 282 
Gaskets—192e 
Gears and pinions—222 
Housings and enclosures—51, 214e, 272, 308 
Molded elastomers—182, 309 
Motor bases—200e 
Nameplates—186e 
Plastic parts—297 
Rings, retainer—192e, 203 
Springs—180 


Stampings—166 
Valves—222e 


COMPUTERS AND 
COMPUTING COMPONENTS 
—248e 


DRAFTING MATERIALS 
AND EQUIPMENT 


Drawing film—165 

Drawing guides—188e 
Microfilm—237 
Reproduction machines—286 
Templates—295 

Tracing cloth—154 


DRIVES, ELECTRICAL 
—206e, 211, 278e 


DRIVES, MECHANICAL 
—188e, 206, 246e 


Gear reducers—30, 122, 290 
Variable speed—182e, 224e, 244e, 290e 


INSTRUMENTS AND 
TEST EQUIPMENT 


Environmental chambers—300e, 304e 

Generators, electronic—188e 

Meters—300e, 302, 302e, 307e, 308e, 312e 

Optics—284 

Power supplies—131, 166e, 182e, 234, 238e, 
247, 300e 

Recorders—153, 175, 305 

Shock and vibration tables—304e, 307e 

Special test equipment—l36e, 184e, 188e, 
190e, 218, 243, 266e, 300e, 302e, 304e, 
307e, 312e, 314e 

Tachometers—314 


MATERIALS, 
ELECTRICAL/ELECTRONIC 


Conductor materials (except wire) —26, 184e, 
229 
Insulation and dielectrics—2 
Casting resins—21, 146, 176e, 198e, 213, 
232e, 258e 
Ceramics and glass—129e, 180e, 186e, 188, 
192 
Fabrics—29 
Flexible films—161 
Laminates—182e, 202e, 271 
Molded forms—200e, 313 
Paper—242, 318 
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Silicones—46, 143, 169, 178e 
Sleeving—155, 180e, 228e, 250, 292 
Tape—44, 185, 188e, 225 
Tubing—37, 182e, 246, 256e, 297 
Varnishes—222e 

Magnetic materials 
Cobalt—184e 
Electrical steel—273, 299 
Ferrites—169e 

Solder and flux—242e 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Adhesives, cements, sealants—295 
Brazing alloys—311 
Composite materials—210 
Etchants—295 
Metals 
Alloys, general—273, 288e 
Aluminum—178e, 303 
Copper, brass, bronze—15 
Nickel and Ni-alloys—226, 255 
Platinum—35 
Stainless steel—166e, 178e 
Tin—198 
Titanium—166e 
Metal forms 
Castings—178e, 256, 263 
Metal powders and parts—152 
Thermostatic bimetal—50, 184e 
Non-metallic materials 
Plastics compounds and resins—134e, 194e, 
198e, 200e, 212e, 219, 281 
Plastic molders—204e, 231 
Protective coatings—188e, 196e 
Chemical—144, 151 


MOTORS AND GENERATORS 


Alternators—253 

Integral-hp motors—38, 42, 48, 149, 177, 186e 
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back cover 
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TIME DELAY RELAYS 
For military applications —‘‘H” and “S” Series 


You can meet the shock and vibration conditions specified by 
today’s military applications with the “H” Series thermal time 
delay relay. They are small in size, of rigid construction and 
manufactured with thorough quality control and testing to assure 
conformity to the highest standards. The “S” Series has a single 
pole, double-throw contact arrangement with long life. 


FEATURES 
Time delays we eeeees 3d to 180 seconds 
Temperature compensated 
Miniature..... Hermetically sealed 
Meets rigid environmental specifications 


New DIGITAL MOTORS 

Stepping motors for high reliability ap- 

plications. Meet the requirements of 

assured reliability and long life for air- 

craft, missile and automation systems. 

Bi-directional * Positive lock * Dynamically 
balanced * Simplicity of design * High pulsing rate. 


New ULTRASONIC DELAY LINES 


Enables development engineers to em- 
ploy new concepts in existing and pro- 
jected applications. Low in cost, small 
in size and simple to operate. 


FEATURES 


SPECIFICATIONS 


Delay range 5 to 6000 microseconds 
Tolerance + 0.1 microsecond 
Signal to noise ratio. ... Greater than 10:1 
Input and output impedance. 50 to 2000 ohms 
Carrier frequency ...100 kc — 1 mec 
Delay to pulse rise time Up to 800:1 


COMPONENTS DEPARTMENT 


inary em WRITE FOR ELECTRONICS DIVISION 


Testing laboratories—209 COMPLETE 
COMPONENTS - 
CATALOG 


MISCELLANEOUS 159 CORPORATION 


AVENUE WEST CALDWEL 
—186e, 215 
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WHICH 
PRESSBOARD 
INSULATION 
IS BEST ? 


Full Line of Low-Cost West Virginia 
Boards Simplifies Selection 


Uniform quality, higher dielectric 
characteristics and wide choice of 
thicknesses make these boards 
outstanding money savers for 
cost-conscious design engineers. 


PRESSITE 


For Air... Oil... Askarel Transformers. 
An absorbent, unsized board of 100% 
virgin kraft stock free of metallic parti- 
cles. Excellent dielectric, physical and 
chemical properties. Thicknesses: .031" 
to .250". Color: natural kraft. 


ELECTRITE 


Harder Board for Variety of Punchings. 
A high grade board treated with natural 
rosin size for moisture resistance. High 
tensile strength. Punches clean. Thick- 
nesses: .031" to .250". Two colors: brown 
and black. 


DENSITE 


Extremely Hard Board . . . Sized or Un- 
sized. Used by many manufacturers to 
replace more costly types of insulation. 
Thicknesses: .031" to .125". Color: 
natural kraft. 


Underwriters’ Laboratories, Inc. re- 
port E-3987 —57N2130 is your guide to 
proper selection. We welcome your 
inquiry. 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Board Products Sales 
230 Park Avenue 
New York 17, N.Y. 
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LONG 
TUBULAR 
RIVET) 


UP TO 7” LONG 
IN BETWEEN DIAMETERS 
SPECIAL HEADS 
SMALL or LARGE RUNS 
STAINLESS +» MONEL 
INCONEL + ANY METAL 











Long or short, we can 
supply your tubular 
rivet requirements 
economically and 


promptly. 


MANUFACTURERS 
SINCE 


1850 
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Dther appliances, too, such as automatic coffee 
nakers, skillets, saucepans, griddles, inhalers, fans, 
steam and flat irons, roasters, fry kettles, refriger- 
ators, butter warmers, waffle irons, electronic and 
avionic applications, 





Top to bottom; Stemco Type S, Tipover Switch, { 
Type SA. Cther designs available. 


iT’S STEMCO THERMOSTATS 


No wonder leading manufacturers of portable air heaters 
specify Stemco thermostats. For Stemco thermostats give 
long-life reliability that eliminates service headaches... 
are quickly, easily installed . . . are competitively priced. 
Our application engineering service is eager to help you 
solve your thermostatic control problem, whether it in- 
volves design, production or cost. Try us now. 49041 


|STEVENS manufacturing company, inc. 


P. O. Box 1007 * Mansfield, Ohio 


THERMOSTATS 





